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SUMMARY 

A  report  of  progress  on  the  research  program  of  the  U.  S.  Army  Medical 
Research  Institute  of  Infectious  Diseases  on  Medical  Defense  Aspects  of 
lUological  Agents  (U)  for  Fiscal  Year  1972  Is  presented.  This  is  the  final 
report  under  Project  No,  1W662711A096.  Starting  in  FY  1973,  the  number  will 
be  3A06211QA834. 
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FOREWORD 


This  FY  1972  Annual  Progress  Report  Is  a  general  review  of  research 
activities  of  the  U.  S.  Army  Medical  Research  Institute  of  Infectious 
Diseases,  Frederick,  Maryland,  conducted  under  Project  IW662711A096 , 

Medical  Defense  Aspects  of  Biological  Agents  (U)  and  a  small  effort 
under  the  In-house  Laboratory  Independent  Research  Program  (ILIR), 

lW6b27HA096  01  -  Pathogenesis  of  infection  of  Military  Importance, 

1W662711A096  02  -  Prevention  and  Treatment  of  Biological  Agent 
Casualties. 

1W662711A096  03  -  Laboratory  Identification  of  Biological  Agents. 

Beginning  1  July  1972,  funding  will  be  by  The  Surgeon  General,  Army, 
under  Project  3A072 110A834. 

Seven  contracts  were  In  effect  with  educational  Institutions  or 
industrial  firms.  Two  of  these  terminate  this  date.  Reports  are 
available  through  Defense  Documentation  Center. 

Six  appendices  are  included  covering  Technology  Support  Plans  (A), 
Volunteer  Studies  performed  during  the  year  (B),  Guest  Lecture  Series 
(C) ,  Professional  Staff  Meetlng.s  (D) ,  Formal  Presentations  and  Briefings 
(E),  and  Publications  of  USAMRIID  (F).  An  author  index  Is  included. 

In  conducting  the  research  described  in  this  report,  the  investigators 
adhered  to  the  "Guide  for  Laboratory  Animal  Facilities  and  Care,"  as 
promulgated  by  the  Committee  on  the  Guide  for  Laboratory  Animal  Facilities 
and  Care  of  the  Institute  of  Laboratory  Animal  Resources,  National  Academy 
of  Sciences-National  Research  Council,  The  facilities  are  fully  accredited 
by  the  American  Association  of  Accreditation  of  Laboratory  Animal  Care. 
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23  (U)  Study  early  changes  in  carbohydrate  metabolism  and  physiology  induced  by 
experimental  disease.  This  work  unit  is  an  essential  element  in  a  comprehensive 
program  for  defense  against  BW  agents. 

24  (U)  A  variety  of  techniques  are  employed  to  study  metabolic  changes  associated  with 
Infection. 

25  (U)  71  07  -  72  06  -  Studies  have  been  performed  to  indicate  that  early  profound 
changes  in  carbohydrate  homeostasis  occur  in  the  host  during  experimental  sepsis. 
Accelerated  liver  glycogfinolysls  Is  promoted  In  the  rat  by  pneumococcal  and  S. 
typhlmurlum  sepsis  and  by  LEM.  The  striking  changes  produced  by  salmonella  sepsis  in 
the  adrenalectomized  rat  strongly  Implicated  that  alterations  in  carbohydrate  homeo¬ 
stasis  are  Important  determinations  of  morbidity  and  lethality  during  sepsis. 

Preliminary  studies  have  shown  that  glucose  Intolerance  is  an  early  sequela  of 
.  typhlmurlum  sepsis  In  rat. 

Studies  utilizing  the  Isolated  perfused  rat  liver  have  been  started. 

PuLjllcatlons;  Fed.  Proc.  31:2:674,  1972 
Clin.  Res.  20:453,  1972 
J.  Immunol.  108:  142-151,  1972 

Terminated  since  FY  1973  funding  will  be  under  The  Surgeon  General,  Army.  New 
Project  No,  3A06211QA834;  Accession  No.  DA  OA6410. 
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Medical  Defense  Aspects  of  Biological  Agents  (U) 

Pathogenesis  of  Infection  of  Military  Importance 

Metabolic  and  Physiological  Studies  in 
Experimental  Infectious  Disease  for  BVl  Defense 


Description : 

Study  early  changes  in  carbohydrate  metabolism  and  physiology  induced 
by  e-xpor iraencal  disease. 

Progress : 


The  majority  of  studies  have  centered  on  the  effect  of  infection- 
related  variables  on  glycogen  metabolism  in  liver,  skeletal  muscle,  and  heart 
of  the  rat. 

Influence  of  pcntabarbital  and  halothane  anesthesia  on  glycogen  metabolism 
in  rat  liver. 

To  determine  the  most  desirable  anesthetic  agent  to  use  in  studies  on 
tlie  influence  of  infection  on  liver  glycogen  metabolism  the  effects  of 
halothane  and  pentabarbltal  anesthesia  were  compared  on  liver  glycogen 
synthetase  (GS) ,  liver  glycogen  phosphorylase  (GP) ,  and  plasma  glucose 
concentration.  Animals  given  halothane  were  killed  within  3  min  of  induction 
of  anesthesia  while  those  given  pentobarbital  wore  killed  at  20  min.  Tn 
fed  animals,  plasma  glucose  and  liver  GS  activity  were  not  sign; f icani ly 
different  regardless  of  anesthetic  agent.  However,  GP  was  significantly 
higher  (p  ■-  0,02)  in  halothane-treatod  animals  clicn  tliose  given  pentoba  rii  i  l  a  1 . 
In  fasted  animals  plasma  glucose  concentration  was  signi ficantly  elevated 
(p  0.01)  in  animals  given  pentobarbital.  The  per  cent  GS  in  tta?  active 
or  T  forr.i  (ilCiS-I)  v-as  significantly  lower  (p  0,01)  in  fasted  animals  given 
halothane  while  there  was  no  significant  difference  in  GP  activity. 

Thus,  in  using  the.  rat  as  a  model  of  infectious  disease,  one  must  he 
aware  of  the  effects  of  the  variables  of  types  of  anesthesia  and  nutritional 
status . 
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lUoni'o  of  Dip  loco  ecus  pncuinonlao  (DP)  and  Salmonella  typhlmurlum  (ST) 
ijop.sis  on  glycogen  metabolism  In  rat  liver. 

Studies  were  performed  to  demonstrate  the  sequential  changes  in  liver 
glycogen  metabolism  during  DP  and  ST  sepsis  in  the  rat.  Both  Infections 
increased  the  rate  of  glycogenolyals  over  that  of  controls.  In  DP  sepsis, 
this  was  associated  with  an  early  decrease  in  the  %  CS-I  but  with  a  less 
dramatic  effect  on  CP  activity.  Thus,  an  Increased  rate  of  glycogenolysis 
was  more  closely  related  to  a  decreased  glycogen  synthetic  rather  than  an 
.ncroaseci  degradative  activity.  In  ST  sepsis  this  was  not  associated  with 
..  Cun.  .:tect  on  eicher  GS  or  CP  activities.  Thus,  the  mechanisms 

c.c-  jons  .;j1l  fjt  an  increased  rate  of  glycogenolysis  during  ST  sepsis  are 
..n  re  CO, v.plex  and  po.ssibly  less  applicable  to  study  using  the  present  enzyme 
.'ssays.  ST  sepsis  promoted  a  significant  diminution  in  plasma  glucose 
while  DP  sepsis  had  no  significant  effect  on  this  parameter. 

Influence  of  leukocytic  endogenous  mediator  (LEM)  on  rat  liver  glycogen 
metabolism. 

Sequential  changes  in  liver  GS,  GP,  glycogen  concentrations,  and  plasma 
glucose  were  monitored  following  intraperltoneal  (IP)  administration  of  LEM 
to  fed  rats  and  compared  to  rats  given  saline  and  heat-treated  LEM.  LEM 
also  promoted  an  accelerated  rate  of  glycogenolysis  compared  to  controls. 

This  was  associated  with  a  decrease  in  the  %GS-I  but  with  no  significant  effect 
on  GP  activity,  much  like  the  changes  seen  during  DP  sepsis.  Thus,  it  is 
proposed  that  LEM  may  be  involved  in  sepsis-related  effects  on  glycogen 
metabolism. 

Effect  of  an  IP  glucose  bolus  on  liver  glycogen  metabolism  in  rat  during  sepsis. 

To  delineate  a  possible  alteration  in  dynamic  response  to  various  agents 
of  liver  glycogen  metabolic  machinery  promoted  by  sepsis-GS,  GP,  glycogen 
concentration,  and  plasma  glucose  have  been  monitored  following  IP  glucose 
(1  gm/kg)  administration.  Such  a  bolus  of  glucose  promotes  a  very  rapid 
(30  min)  increase  in  the  %GS-I  and  a  somewhat  later  (1-2  hr)  increase  in  total 
GS  (I+D  forms)  activity.  Plasma  glucose  returns  to  baseline  levels  between 
1-2  hr  in  fed  and  23  hr  in  fasted  rats. 

Glucose  given  (as  above)  to  rats  Infected  IP  6  hr  earlier  with  2  x  10^' 

ST  organisms  promoted  a  significantly  decreased  peak  plasma  glucose 
concentration  at  30  min  when  compared  to  noninfected  controls.  More 
importantly,  plasma  glucose  remained  significantly  above  baseline  at  2  hr, 
indicating  a  decreased  glucose  tolerance  in  infected  animals.  Liver  GS ,  GP, 
and  glycogen  concentration  assays  have  not  been  performed  on  these  tissues 
but  when  completed  should  give  added  Insight  into  alterations  in  host 
liomeostasis  at  the  molecular  level  during  septic  illness. 
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l^ffect  of  ST  sepsis  on  glycogen  mecabollsm  in  adrenalectomlzed  rats. 

To  gain  Information  that  might  reveal  mechanisms  Involved  In  lncre.;jed 
liver  glycogenolysis  during  ST  sepsis  in  the  rat,  CS,  GP,  glycogen 
concentration,  and  plasma  glucose  were  monitored  In  adrenalectomlzed  rats 
Infected  with  2  x  10'*  ST  organisms.  At  approximately  3  hr  these  animals 
began  convulsing,  and  within  10  min  10  of  10  rats  were  dead.  The  remaining 
rats  were  immediately  anesthetized  and  killed.  At  that  time  mean  rectal 
temperature  of  the  group  was  4C  below  0-Cime  controls;  mean  plasma  glucose 
concentration  was  mg/100  ml  compared  to  110  for  0-time  adrenalectomlzed 
animals.  At  time  0  mean  liver  glycogen  concentration  was  15  mg/gm  wet- 
weight-liver,  while  at  3  hr  it  had  fallen  to  less  than  1  mg/gm.  However, 
there  was  no  demonstrable  Influence  on  liver  GS  activity  (GP  activity  has 
not  yet  been  measured).  At  least  In  rats,  the  presence  of  adrenal 

glands  is  not  essential  for  Infection-promoted  accelerated  glycogenolysis. 
Adrenalectomlzed  rats  are  much  more  sensitive  to  the  lethal  effects  of 
sepsis;  this  decreased  resistance  is  associated  with  gross  abnormalities 
in  carbohydrate  homeostasis  as  shown  by  the  terminal  hypoglycemic  and 
liver  glycogen  depletion  relatively  soon  after  the  initiation  of  sepsis. 

Studies  utilizing  the  isolated  perfused  rat  liver. 

To  determine  the  influence  of  sepsis,  and  factors  related  to  it, 
on  liver  metabolic  machinery  studies  utilizing  the  isolated  perfused  rat 
liver  liave  been  initiated.  The  rate  of  glycogen  synthesis  and  degradation 
in  this  organ  can  be  significantly  influenced  by  altering  the  concentration 
of  perfused  glucose  concentration  with  a  relative  hyperglycemia  (300  mg/lOO 
ml),  promoting  glycogen  deposit  and  euglycemia,  and  hypoglycemia 
(<  100  mg/100  ml)  promoting  glycogenolysis.  Glycogen  deposition  was 
associated  with  an  Increase  in  %GS-I  and  a  decrease  in  GP  activity,  while 
reciprocal  changes  were  seen  during  glycogenolysis.  It  is  planned  to 
remove  livers  from  septic  animals  and  study  them  in  above  fashion  to 
determine  the  nature  of  altered  glycogen  metabolism  at  the  molecular  level 
in  the  liver. 

Summary : 

Studies  have  been  performed  to  indicate  that  early  profound  changes  in 
carbohydrate  homeostasis  occur  in  the  host  during  experimental  sepsis. 
Accelerated  liver  glycogenolysis  is  promoted  in  the  rat  by  pneumococcal 
and  typhimurlum  sepsis  and  by  LKM.  There  is  a  strong  implication  that 
alterations  in  carbohydrate  liomeostasi.s  are  important  determinations  of 
morbidity  and  lethality  during  sepsis  as  revealed  by  the  striking  changes 
produced  by  Salmonella  sepsis  in  the  adrenalectomlzed  rat. 

Preliminary  studies  have  shown  that  glucose  intolerance  is  an  early 
sequela  of  typhimurlum  sepsis  in  rat. 


Studies  utilizing  the  isolated  perfused  rat  liver  have  been  started. 
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Curnow,  R,  T. ,  and  R.  S.  Pekarak.  The  effect  of  Dlplococcus  pneumoniae 
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ized  method  of  computing  the  data  have  been  di.scussed,  A  preliminary  study  in  4 
rhesus  monkeys  revealed  no  characteristic  hormonal  pattern  for  IRI,  HGH,  or  serum 
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BODY  OF  KKPORT 


Project  No.  1W662711A096 : 
Task  No.  1W662711A096  01: 
Work  Unit  No.  096  01  002; 


Medical  Defense  Aspects  of  Biological  Agents  (U) 

Facliogenesls  of  Infection  of  Military  Importance 

Role  of  Hormones  in  Infectious  Disease  of  Military 
Medical  Importance 


Description; 

Study  the  role  of  hormones  in  the  host  response  to  infection. 

Progress,  Part  I; 

Accelerated  metabolism  of  thyroid  hormone  has  been  observed  during 
acute  pneumococcal  infections  in  man  and  the  rhesus  monkey,^ In  the 
monkey,  cellular  uptake  of  L-thyroxine  (Tu)  is  enhanced  early  during  the 
course  of  this  illness.^  Further,  concentration  of  labeled  T4  and 
triiodothyronine  (T3)  has  been  reported  to  localize  in  involved  areas 
of  lung  in  patients  with  bacterial  pulmonary  infections.*^  The  patho¬ 
genesis  and  significance  of  these  alterations  in  thyroid  hormone  distribu¬ 
tion  and  metabolism  are  unclear.  Studies  undertaken  in  the  rat  suggest 
that  during  pneumococcal  infection  there  may  be  an  increased  metabolic 
impact  of  T4  at  the  cellular  level. ^  In  vitro  studies  with  peripheral 
leukocytes  reveal  that  enhanced  thyroid  hormone  metabolism  during  infec¬ 
tion  could  be  part  of  a  hose  defense  mechanism  in  which  phagocytlzing 
cells  utilize  T4  or  T3  as  a  source  of  iodine  for  lodination  and  killing 
of  ingested  microorganisms,^  However,  the  extent  to  which  thyroid  hormone 
or  iodide  participate  in  this  peroxidase-hydrogen  peroxide-halide  anti¬ 
microbial  system  vivo  remains  uncertain.^ 

,  To  explore  further  the  effects  of  bacterial  sepsis  on  host  thyroid 
hormone  economy  in  the  rhesus  monkey,  peripheral  metabolism  and  distri¬ 
bution  of  I-labeled-T4  (^^^1-14)  was  examined  in  monkeys  inoculated 
intravenously  (KV)  with  10^  Salmonella  typhimurium,  10^  Escherichia  coil . 

10^  Dlplococciia  pneumoniae .  endotoxin,  latex  or  carbon  particles.  Inocula¬ 
tion  of  both  viable  and  heat-killed  organisms  but  not  endotoxin,  latex  or 
carbon  particles  resulted  in  a  marked  acceleration  in  the  fractional  dis¬ 
appearance  rate  of  ^^^I-T4  within  8  hr.  The  effect  of  heat-killed 

organisms  on  was  transient  and  not  evident  by  16  hr.  Monkeys  receiving 

viable  organism^  demonstrated  a  more  persistent  acceleration  of  corres¬ 
ponding  in  duration  roughly  to  that  of  the  septic  illness.  There  was  at 
least  a  2-fold  increase  in  the  daily  absolute  metabolic  disposal  rate  of 
Ti,  in  the  infected  monkeys  during  acute  illness. 
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In  additional  monkeys,  distributive  clearance  of  (rapid  cellu¬ 

lar  uptake  of  hormone)  was  evaluated  at  various  times  after  inoculation 
of  viable  or  heat-killed  tvphlmuriiUn.  By  A  hr,  a  marked  enhancement 
of  distributive  clearance  of  hormone  was  noted  in  both  monkeys  receiving 
heat-killed  and  viable  organisoa  compared  to  those  inoculated  with  saline. 
This  phenomenon  also  appeared  to  be  transient  In  monkeys  receiving  heat- 
killed  typhimurium  since  no  change  in  distributive  clearance  of  T4 
was  noted  by  14  and  24  hr  in  these  monkeys,  although  clearance  was  still 
accelerated  at  these  time  intervals  in  monkeys  given  viable  organisms. 
liTi  increase  in  hepatic  uptake  and  binding  T4  was  also  noted  at  4  hr  in 
monkeys  inoculated  with  typhimurium. 

The  acute  changes  in  Ti  abolism  and  distribution  could  not  be 
ascribed  to  decreased  extra'  i  lar  protein-binding  of  hormone.  An  in¬ 
crease  in  the  proportion  of  .  T4  in  serum  was  noted  only  at  48  hr, 
while  the  alterations  in  T4  peripheral  kinetics  occurred  much  earlier. 

A  biphasic  change  in  total  serum  T4  concentration  was  seen  during  the 
course  of  typhimurium  sepsis  consisting  of  a  significant  depression 
by  48  hr  and  a  significant  elevation  by  192  hr.  Further,  in  monkeys 
\di03e  intrathyroidal  iodine  pool  had  been  pre-labeled  with  3  similar 

pattern  of  change  in  serum  protein-bound  concentration  was  noted. 

It  would  appear  likely  that  the  fall  in  serum  T4  concentration  reflects 
a  depletion  of  the  peripheral  hormonal  pool  due  to  the  accelerated  T4 
metabolism. 

Accelerated  host  metabolism  of  T4  has  been  reported  in  other  stressful 
or  hypermetabollc  states  such  as  exercise,  cold  exposure,  malignancy, 
salicylate  administration  and  acromegaly.  Thus,  this  retponse  may  be  a 
relatively  nonspecific  one.  It  is  possible,  however,  that  the  accelerated 
luetabolism  of  T4  noted  during  bacterial  sepsis  is  related  to  enhanced 
phagocytic  cell  functions.  ^ This  possibility  is  currenr.ly  being  assessed 
by  examining  ^  vitro  T4  deiodlnation  by  peripheral  leukocytes  harvested 
during  the  course  of  acute  typhimurium  bacteremia.  However,  preliminary 
observations  in  monkeys  with  radiation  induced  leukopenia  suggest  that 
cellular  sites  other  than  circulating  leukocytes  are  involved  in  T4 
metabolism  during  typhimurium  bacteremia.  The  early  disappearance 
rate  of  ^^^I-T4  fcom  serum  in  infected,  leukopenic  monkeys  was  not  sig¬ 
nificantly  different  from  that  of  intact  monkeys. 

Summary,  Part  I: 


Accelerated  peripheral  distribution  and  metabolism  of  T4  has  been 
observed  during  several  bacteremic  illnesses  in  the  rhesus  monkey.  This 
is  accompanied  by  a  depletion  of  the  peripheral  hormonal  pool  and  a  sub¬ 
sequent  Increase  in  thyroid  gland  secretion.  These  changes  appear  to  be 
mediated  by  a  primary  enhancement  of  cellular  uptake  and  metabolism  of 
hormone  since  they  could  noe  be  correlated  with  appropriate  changes  in 
extracellular  bincing  of  hormone. 
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The  pathogenesis  and  aigniiicance  of  these  alterations  in  hormone 
economy  remain  unclear  and  may  represent  a  more  general  host  response  to 
stress.  However,  a  relationship  between  host  phagocytic  cell  function 
and  T:,  deiodination  remains  an  attractive  hypothesis  which  is  currently 
being  more  thoroughly  evaluated. 

Progress,  Part  II; 

A  sensitive  simultaneous  double  antibody  radioimmunoassay  for  growth 
iiormone  (Gri)  and  insulin  (IRl)  has  been  developed,®  This  assay  con  de¬ 
tect  0.25  ng/ml  of  Gh  and  5-7  pU/ir.l  of  IRI.  In  collaboration  with  CPT 
Rowberg  (Work  Unit  096  03  008)  a  computer  program  has  been  devised  which 
araws  a  standard  curve  and  calculates  the  final  results  for  this  system. 

We  have  analyzed  about  200  rat  serum  samples  for  IRI  and  GH  from  Major 
Cumow's  experiments  (Work  Unit  096  01  001)  dealing  with  the  effects  of 
pneumococcal)  Salmonella  typhlmurlum,  and  leukocyte  endogenous  mediator 
on  carbohydrate  metabolism. 

A  preliminary  study  of  sequential  changes  in  GH,  IRI,  and  serum 
glucose  (glu)  during  the  course  of  pneumococcal  bacteremia  in  4  chaired, 
conscious  rhesus  monkeys  was  carried  out.  After  5  days  of  baseline 
equilibration  in  the  chairs,  1  ml  of  5  x  10®  virulent  Diplococcus 
pneumoniae  was  injected  IV  at  0900  hr  into  2  monkeys,  1  ml  of  heat- 
killed  D.  pneumoniae  was  injected  IV  into  one,  1  ml  normal  saline  into 
the  4th  animal.  The  2  infected  monkeys  developed  fever  and  leukocytosis} 
one  died  30  hr  postinoculation.  The  IRI  levels  pre-inoculation  varied 
from  50-275  uU/nil  and  fluctuated  throughout  the  course  of  the  infection 
without  any  significant  change  between  the  experimental  and  control  groups 
except  that  the  surviving  infected  animal  had  a  low  IRI  of  5  pU/ml. 

Plasma  glucose  varied  in  the  pre-inoculation  period  from  81-131  mg/100  ml, 
without  any  recognizable  pattern  during  the  infection  except  for  a  low  level 
of  66  compared  to  >100  for  the  heat-killed  and  saline  controls. 

Finally,  GH  varied  from  1.8-21  ug/ral  during  the  baseline  period  with 
wide  fluctuations  in  ail  monkeys  during  the  infected  phase  and  an  elevation 
to  21  ng/ml  on  day  7  in  the  surviving  infected  animal.  Additional  studies 
are  required  to  establish  a  characteristic  hormonal  profile  in  macaques 
during  pneumococcal  bacteremia. 

Investigations  are  underway  in  collaboration  with  AA  Division  to 
examine  changes  in  IRI,  GH,  and  serum  glucose  during  IV  glucose  tolerance 
tests  and  pneumococcal  bacteremia  in  monkeys  having  indwelling  bilateral 
venous  catiu-ters.  Each  animal  will  receive  3  such  tests:  Baseline,  at 
24  hr,  and  during  convalescence,®  Preliminary  baseline  data  in  3  chaired 
monkeys  who  had  received  a  glucose  tolerance  test  (0.5  gm/kg  body  weight) 
in  the  uninfected  state  showed  a  mean  fasting  blood  glucose  of  44  mg/100  ml 


with  a  peak  of  199  at  5  min  and  a  rapid  drop  to  baseline  levels  of  46  at 
30-45  min.  The  mean  fasting  serum  IRI  was  27  uU/ml,  with  a  rapid  rise 
to  90  pU/ml  5  min  after  glucose  infusion;  peak  levels  of  94  pU/ml  occurred 
at  15  min  with  a  sharp  fall  to  baseline  levels  by  30-45  min. 

A  radioimmunoassay  for  ACTH  is  being  developed  in  collaboration 
with  LTC  Collins  of  Pathology  Division.  A  specific  antibody  to 
porcine  ACTH  in  goat  has  been  prepared.  The  malor  difficulties  we.  have 
encountered  with  iodinating  and  purifying  the  ^*^1-ACTH  will  be  solved 
oy  obtaining  the  labeled  ACTH  commercially. 

Suiumary.  Part  II; 

A  radioimmunoassay  for  GH  and  IRI  along  with  a  computerized  method 
of  computing  the  data  has  been  discussed.  A  preliminary  study  in  4 
rhesus  monkeys  revealed  no  characteristic  hormonal  pattern  in  IRI,  HGH, 
serum  glucose  during  the  course  of  pneumococcal  bacteremia.  A  model 
studying  these  same  hormonal  parameters  after  a  glucose  load  during 
the  course  of  pneumococcal  bacteremia  is  described  which  may  minimise 
the  wide  rainute-to-minute  fluctuations  in  these  polypeptide  hormones. 

Progress  and  Summary,  Part  III; 

Depression  of  serum  thyroxine  (T:4)  has  been  noted  during  acute 
infection.^  In  addition,  the  halide-myeloperoxidase-hydrogen  peroxidase 
system  has  been  implicated  as  a  major  bactericidal  mechanism  of  poly- 
murphonuclear  neutrophils  (PMN).^° 

Consequently,  in  vitro  studies  employing  the  bactericidal  assay 
developed  by  Quie,  et  al.H  have  been  initiated  to  determine  the  effects 
of  T4  upon  PMN  function.  To  prevent  nonspecific  binding  of  T4  by  serum 
proteins  introduced  as  opsonin,  Esche rich la  coli  were  sensitized  with  un¬ 
diluted  serum  and  washed  3  times.  No  additional  opsonin  was  required  in 
c:;t;  final  reaction  mixture  which  was  capable  of  killing  60-80%  of  phagocy- 
tized  bacteria.  To  assess  bactericidal  activity  of  PMN  treated  with 
piiysiological  levels  of  T4  (100  Mg/ral)  ,  a  6:1  ratio  of  bacteria  to  PMN 
was  employed  to  provide  maximum  stress.  Preliminary  data  indicate  that 
actively  phagocy cizing  PMN  exhibit  increased  deiodination  but  no  change 
in  bactericidal  activity. 

Presentation : 


DeRubertis,  F.  R.  and  K.  A,  Woeber.  Accelerated  host  metabolism 
of  L-thyroxiue  during  acute  Salmonella  typhliimriuiti  sepsis.  Presented  at 
.■\nnual  Meeting,  ^\mcrican  Federation  tor  Clinical  Research,  Atlantic  City, 
N,  J.  29-30  April  1972. 


Publications ; 


1.  DeRubertis,  F,  R, ,  and  K.  A,  Woeber.  1972.  Evidence  for  en¬ 
hanced  cellular  uptake  and  binding  of  thyroxine  in  vivo  during  acute 
infection  with  Diplococcua  pneumoniae.  J.  Clin.  Invest.  51:788-795. 

2.  DeRubertis,  F.  R. ,  and  K.  A.  Woeber.  1972.  Accelerated  host 
metabolism  of  L-thyroxine  (T4)  during  acute  Salmonella  typhimurium  (ST) 
sepsis.  Clin.  Res.  20:424,  1972  (abstract), 

3.  DeRubertis,  F.  R. ,  and  K.  A.  Woeber.  1972.  Effect  of  acute 
infection  with  Diplococcus  pneumoniae  on  hepatic  mitochondrial  alph..  • 
glyccro-phoaphate  dehydrogenase  activity.  Endocrinology  90:1384-1387. 
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mechanism.  J.  Exp.  Med.  126:1063-1078, 
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Role  of  the  phagocyte  in  host-parasite  interactions.  XXIV.  Aldehyde 
generation  by  the  myeloperoxidase-H2()2-chloride  antimicrobial  system:  a 
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during  tularemia  In  man.  Diabetes  16(369-376. 

10.  Klebanoff,  S.  J.  1970.  Myeloperoxidase-mediated  antimicrobial 

systems  and  their  role  In  leukocyte  function,  p.  89  to  110.  ^  Biochemistry 

of  the  Phagocytic  Process,  (Julius  Schultz,  ed.),  North-Holland  Publishing 
Co.,  Amsterdam. 

11,  Quie,  P.  G.,  J.  G.  White,  and  B.  Holmes,  1967.  In  vitro 
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23  (U)  To  study  serial  changes  In  tissue  enzyme  systems  during  the  course  of 
experimental  Infections,  This  work  unit  is  an  essential  element  in  a  comprehensive 
program  for  medical  defense  against  BW  agents, 

24  (U)  Studies  of  the  adenyl  cyclase  system  are  conducted  to  determine  what  effect 
Infections  have  on  this  endccr Ine-metabollc  parameter. 

25  (U)  71  07  72  06  -  Prostaglani  n  E- 1  significantly  stimulates  partially  purified 

hepatic  adenyl  cyclase  at  high  concentrations  and  significantly  Inhibits  this  same 
enzyme  at  low  concentrations. 

Publication:  Anal.  Blochera.  41:372-396,  1971. 

Terminated  since  FY  1973  funding  will  bo  under  The  Surgeon  Ooneral,  Array, 

New  Project  No.  3A062 1 10A834 ;  Accession  No.  DA  QA6412. 
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Description: 

Study  serial  chan^’es  in  tissue  enzyme  systems  during  the  course  of 
experimental  infection. 

Progress: 

Recent  investigations  have  led  to  the  development  of  the  second  mes¬ 
senger  role  of  cyclic  3* 5' -adenosine  monophosphate  (cAMP)  in  the  mediation 
of  hormone  action.’*^  According  to  this  concept,  cAMP  has  been  placed 
in  the  cell  to  serve  as  a  "Director  of  Foreign  Affairs",  acting,  therein, 
to  regulate  cell  function  in  response  to  changes  in  the  external  environment. 
Since  alterations  in  the  adenyl  cyclase  system  can  reflect  abnormal  intra¬ 
cellular  metabolism  in  states  of  endocrine  imbalance,  it  is  hoped  that  these 
studies  will  give  more  insight  into  the  host  response  to  infection  at  the 
molecular  level. 

Certain  actions  of  prostaglandin  El  (PGEj^)  indicate  its  involvement 
in  Infectious  disease  processes,  stimulation  of  leukocyte  chemotaxis'  and 
production  of  a  febrile  response.®  Aspirin  and  indomethacin  block 
these  actions  by  preventing  the  synthesis  of  PGEj .  PGE^  has  been  shown  to 
increase  cAMP  production  in  some  tissues,  i.e.,  platelets  and  thyroid,  and 
to  decrease  cAMP  levels  in  another  tissue,  fat.  Prostaglandins  are 
released  from  tissues  by  hormones  which  are  known  to  Increase  cAMP  levels, 
that  is,  in  liver  by  glucagon  and  in  epididymal  fat  pad  by  catecholamines.  ' 

This  has  lead  to  many  Intriguing  postulations  about  the  role  of 
prostaglandins  in  relation  to  adenyl  cyclase. 

Studies  are  being  conducted  to  determine  what  effect  these 
prostaglandins  may  have  on  the  hepatic  adenyl  cyclase.  Preliminary 
I  xperiments  sliow  that  PGEj^  is  significantly  stimulatory  at  a  high  concentration 
and  significantly  inhibits  adenyl  cyclase  enzyme  at  a  low  concentration, 

Table  I. 


TABLE  1.  EFFECT  OF  PGEi  ON  PARTIALLY  PURIFIED  HEPATIC  ADENYL  CYCLASE 


Concentration  of  PGEi  (M) 


%  Control  +  SEM 


Significance 


4.0 

X 

O 

1 

252 

+ 

21 

<0.0005 

2.0 

X 

10“4 

212 

+ 

5 

<0.0005 

6.7 

X 

O 

J 

153 

+ 

18 

<0.050 

2.0 

X 

10-5 

152 

+ 

21 

<0.100 

6.7 

X 

O 

1 

135 

+ 

17 

<0.100 

2.0 

X 

10-6 

89 

± 

13 

<0.300 

2.0 

X 

10-7 

59 

+ 

14 

<0.050 

2.1 

X 

o 

00 

65 

± 

7 

<0.0125 

Summarj 


PGE^  significantly  stimulates  partially  purified  hepatic  adenyl 
cyclase  at  high  concentrations  and  significantly  inhibits  this  same 
enzyme  at  low  concentrations. 

Publications: 

White,  A.  A.,  and  T.  V.  Zenser.  1971.  Separation  of  cyclic 
3' , 5' -nucleotide  monophosphates  from  other  nucleotides  on  aluminum 
oxide  columns.  Anal,  Blochem.  41:372-396. 
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nervous  system  of  the  cat.  J.  Physiol.  207:76P-77P  (abstract). 
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23  (U)  Obtain  clinical  and  pathological  baseline  values.  Establish  patterns  of 
dl.sease  in  normal  colony  animals.  This  work  unit  is  an  essential  element  in  a 
comprehensive  program  for  defense  against  BW  agents. 

24  (0)  Conduct  studie.s  on  colony  animal.s  to  establish  normal  values  for  various 
biological  parameters  of  interest  to  investigators  using  animals  as  test  subjects. 
Study  incidence  and  patterns  of  disease  in  normal  colony  animals. 

25  (U)  71  07  -  72  06  -  Animal  Resources  Division  received  292  monkeys,  231  of  which 
were  unconditioned  animals  procured  from  coimercial  sources.  More  than  1000 
tuberculin  tests  were  done,  all  of  which  were  negative.  Complete  blood  counts  and 
selected  blood  chemistry  evaluations  were  conducted  on  all  unconditioned  monkeys 
upon  arrival  and  periodically  during  the  90-day  quarantine  period. 

Gastroenteritis  was  the  most  common  disease  problem  in  the  colony,  but  the 
principal  cause  of  deaths  in  the  new  unconditioned  monkeys  was  viral  pneumonia 
complicated  by  secondary  bacterial  Infection, 

Publication:  l.ab.  Aninal  Scl.  21:434-437,  1971 
J.A.V.M.A.  159:326,  1  Sep  1971 
J.A.V.M.A.  160:739,  1  Mar  1972 

Terminated  since  FV  1973  funding  will  be  under  The  Surgeon  General,  Army. 

New  Project  No.  3A062 1 10A834 ;  Accession  No.  DA  OA6413. 
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IIDDY  UK  l^Ki’URT 


rrojoct  No.  lW6ti27  L  IA(1‘)():  Ni'dioal.  DfliMiso  AspoctK  of  Uioloj’ical  Aj’onts  (U) 

Taak  No.  lW(ni27  i  lAD')'.)  ('I:  Pal  lioiU'ii;-!  iii  of  liUooiioa  of  Military  Iniinirtance 

Va'tk  '.'nil  N'o.  (PUi  01  (li'i:  Kvaluation  ot  Normal  Polony  Animals  for  1>W 

l)i>  1 1’lis ivo  Ro.soarcli 

f  ipt  Ion ; 

Obiain  ha,.i.  L  liio  olioiit.il  valiio:;,  iioarrh  lor  paLho  loj;  iral  loaion.s,  and 
oaialiliah  pa t  to rna  o)  disoaro  in  i  .'niial  oi>loiiy  aniiiiaLs, 

"i-lV  ra.-.s,  r.n'C  1  : 

doats,  Hvii'^a-ia  and  Slun'p  -  lUirroa,  .poats  and  slu'op  worn  periodically 
,‘■.0 fooiu'd  for  irdcrnal  parasilo  LnfcuLation  and  troatod  vv'ith  antihclminthic 
drup.s  as;  needed. 

Dih'  to  adverse  I'nvironiiicnttil  eonditions,  llu’  p.oat  herd  developed 
mimerourf  eaue.i  of  loot  rot.  The  lieril  va.s  mmaul  Liuilde  tin'  barn  and  the 
foot  rot  problem  was  root  if  led.  Cons!  riief  ion  of  a  new  pasture  area  with 
liri'per  drainapa'  is  now  in  projireins  whicii  should  heii-  prevent  recurrence 
of  this  problem. 

The  poat.  herd  was  tested  .and  ftnind  to  he  lU'tiee  1 1  a  - free . 

~  total  ol  d'*..'  rlu'sns  monki'ys  fMaeaea  iimiaLta)  vi’as  received 
by  ib.i'  Animal  Kesi'ii  rr  e.-!  Division  i.MO,  Due  to  the  mastmuin  iit  i  1  i  r.a  L  ion 
I' roi'.  ra  .1  now  .n  elle,i,  it  has  been  pi'Ssihli'  to  aehieve  a  greater  ri'S-eareh 
i  .  i  I  i/.at  loii  i  ro.'.i  a  lower  total  nnmher  at  in.'nki'v's.  Minikeys  were  received 
iro: ,  soiii'o.  I'l  atind  i  i  i.med  monkevs  were  I'l’Ce  i  vi'il  from  the  Animal  farm 

a'l.  Appiiid  .'i.  roDio  1  op.v  Di\’isi>'n,  Ki'rt  Drtrlek,  and  .ITl  nonooiui  i  t  unied 
i-oniw \:.  wo  .  .1  oivid  i  tw'in  e.’mmereial  sinirees.  I'he  noneoinl  it  toned  animals 

woio  ri'Ci.’ i  vi  li  i.;  '■.roup:,  ot  t'.'i ,  1  1  n  and  'ib. 

onkeys  w.is  liwatt'd  li’f  diarrhea,  I  li'i'  elinieal 
..u  o'  ,v'r  iii  .see  1  l.-meoiis  pioblemr..  I'eailn;  oeeurred  a.s  follows: 
iiioi;  ,o  I  ■■  I'-,  ;i  lo;-  -  '  t,oiu'  adult.  One  inf. i. it  I,  shei'p  -  1,  p.oats  -  ') 


.  ii  n  1  1  .  . 

out  han  i  .'.ed  diu' 

ti>  max  1  mil'll  util 

i  .-.at  iini : 

monkk'vs  -  Id. 

'on  '  -  -M 

It  i  1  ■  t 

i  1  .Mikev  di  .11  hs 

.'e e nr i  k  .  in  1  lu- 

uueoiul  i  t 

ik'iu’il  klnimals 

dr;  .  I,  'M-.I.iv  k[ii.i  r.m  i  i  ne-r  Olid  1  t  i  on  i  np,  period.  In  the  first  e.roiip  of 

.:iv.v.'.  i;.er.  Wi  .'e  i  ..loaths.  .Six  ol  tiu-  di.i.ii:.  oeearred  d'al'iup,  t  ho  lirst 


7  ^avd  (4  Uue  to  measles  pneumonia  and  2,  acute  diarrhea);  5  during  the  2nd 
and  3rd  week  (3  oE  acute  diarrhea  and  2,  acute  pneumonia);  and  one  30  days 
'.ater  oE  profuse  chronic  shigellosis.  There  were  30  deaths  in  the  2nd  group 
of  119  monkeys,  the  majority  due  to  viral  pneumonia  with  secondary  bacterial 
infection.  The  causative  agent  of  the  pneumonia  was  found  to  be  the  measle.s 
virus  with  exposure  occurring  during  transit.  In  a  3rd  group  of  48  monkeys 
received  on  1  Mar  72,  only  3  deaths  have  occurred  to  date  (1,  each  due  to  viral 
pneumonia,  dysentery,  and  renal  disease).  The  reduction  of  deaths  in  this 
latter  group  is  due  to  an  intense  antibiotic  prophylaxis  regime  initiated 
.--on  arrival. 


Aoen'd  Old  Tuberculin  (KOT)  was  used  for  1049  rntrapalpebral  tests  of 
monKcys;  all  of  which  were  negative. 

AR  Division  also  procures  and  Issues  all  other  laboratory  animals  utilized 
by  the  Institute.  To  date  no  significant  problems  have  been  encountered  in 
tl^is  area. 

■Summary,  Part  I: 

Gastroenteritis  continued  to  be  the  most  common  disease  problem  in  the 
conditioned  monkeys.  Viral  pneumonia  (etiology  -  measles  virus),  with  sec¬ 
ondary  bacterial  infection,  was  seen  to  cause  a  rapid,  often  virtually  asymp¬ 
tomatic  death  in  newly  arrived  unconditioned  monkeys.  This  high  rate  has  been 
reduced  in  the  last  shipment  by  immediate  high-level  antibiotic  prophylaxis 
regime. 

Progress  and  Summary.  Part  II; 

Complete  blood  counts  and  selected  chemistry  evaluations  are  being  done  on 
all  unconditioned  monkeys  upon  their  arrival  at  the  Institute  and  during  the 
quarantine  period.  Tlie  study  is  being  continued  with  results  from  the  first  2 
groups  now  being  evaluated. 

Progress  and  Summary,  Part  III: 

Fifty-two  normal  colony  animals  of  various  species  were  necropsied  by  the 
Pathology  Division,  These  represent  animals  from  the  normal  colony  which 
cither  died  spontaneously,  or  were  euthanitized  because  of  various  illnesses 
or  disorders.  In  addition  to  tliese  animals,  members  of  the  Pathology  Division 
necropsied  and  accessioned  approximately  950  animals  of  various  species  from 
other  divisions  in  the  Institute. 

Except  for  the  problems  encountered  in  the  unconditioned  monkeys,  the 
i-.enc.ral  health  of  the  colony  has  been  good  throughout  the  year. 
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metabullsra.  This  work  unit  Is  an  e.ssentlal  element  in  a  comprehensive  program  for 
defente  against  BW  agents. 

24  (U)  Free  amino  acid  concentrations  are  determined  by  Ion-exchange  chromatography  In 
plasma  and  tissue  of  experimental  subjects  Infected  with  bacterial  or  viral  organisms. 
Radioactive  nonmetabol  liable  and  me tabol  leable  .am.lno  acid  trace.s  are  utilized  to 
study  amino  acid  flux,  Labeled  precur.sors  of  RNA  and  protein  metabolism  are  used  to 
study  effects  of  Infection  on  RNA  and  protein  synthesis. 
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various  Infectlon.s  wlilch  stimulates  the  movement  of  aralno  acids  to  liver  of  recipient 
animals. 

In  animal  models  both  Infections  and  a  luukocytlc  endogenous  mediator  stimulate  a 
flux  of  2  nonmetabol  Izable  amino  acids,  cycloleucine  or  AIB,  from  muscle  to  liver. 

In  animals  Infected  with  Salmonella  lyphlmurlum  there  Is  a  greater  flux  of  amino  acids 
than  those  Infected  with  Dlplococcus  pneumoniae.  Metabolizable  amino  acids  which  do 
not  increase  in  concentration  In  liver  must  be  rapidly  utilized  for  protein  synthesis. 
Utilization  appears  to  vary  with  the  Infectious  organisms.  Tills  movement  of  amino  acids 
Is  correlated  with  changes  In  RNA  syntliesls  and  poly.somal  profile;;. 
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BODV  OF  REPORT 


Project  No.  1W662 711A096 :  Medical  Defense  Aspects  of  Biological  Agents  (U) 

Task  No,  1W662711A096  01:  Pathogenesis  of  Infection  of  Military  Importance 

Work  Unit  No.  096  01  009:  Host  Amino  Acid,  Protein  and  RNA  Metabolism 

during  Infectious  Disease  of  Military  Medical 
Importance 

jjaacrlotlon: 

Investigate  the  pathogenesis  of  changes  in  free  amino  acid  of  blood 
and  tissues  during  infectious  disease  or  in  conditions  induced  by  other 
variables. 

Progress.  Part  I: 

Earlier  data  obtained  by  paper  chromatographic  separation  of  whole- 
blood  amino  acids  revealed  that  both  bacterial  and  viral  Infections  In 
man  resulted  In  a  drop  in  total  blood  amino  acids. Mora  recently  we 
have  measured  serial  changes  in  individual  plasma  free  amino  acids  which 
wore  obtained  from  volunteers  that  were  exposed  to  either  sandfly  fever 
virus,®  (Medical  Division  Protocols  FY  70-1  and  70-3),  Salmonella  typhl*^ . 
adenovirus  type  21,®  (Medical  Division  Protocol  FY  71-2),  or  17-D  yellow 
fever  vaccina  virus  (Medical  Division  Protocol  FY  71-3),  With  both  the 
febrile  (sandfly  fever  and  S.  tvphosa)  and  afebrile  (adenovirus  type  21 
and  17-D  yellow  fever  virus)  infections  there  was  a  significant  depression 
in  total  plasma  free  amino  acids.  The  magnitude  and  pattern  of  individual 
amino  acid  response  appeared  to  be  characteristic  for  each  infection  and 
can  be  summarized  as  follows: 

a.  Sandfly  fever  virus:  Depression  of  all  amino  acids  47  hr  after 
Inoculation  with  maximal  responses  in  leucine,  isoleuclne  and  valine; 

b.  Typhoid  fever:  Early  depression  of  many  individual  amino  acids 
with  maximal  response  in  alanine,  glycine,  glutamine,  proline,  and 
threonine ; 

c.  Adenovirus  type  21:  Maximal  depressions  on  day  6-7  with  greatest 
decreases  in  proline  followed  by  alanine,  glutamine,  valine,  and  threonine; 
and 


d.  17-D  yellow  fever  vaccine  virus:  Maximal  depression  on  day  3 
with  greatest  decreases  in  threonine  followed  by  lysine,  aspartate, 
histidine,  and  methionine. 
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Durinjs  the  febrile  .stages  of  the  !:!<■  there  was  h  marked  increase 

in  plasma  phenylalanine- to- tyrosine  rat  i  nt  _  s  change  was  absent  In  the 
afebrile  infections.  These  data  indie."  that  t  ■  i  a  mild  asymptomatic 
infection  can  result  in  alterations  in  lu.  ividual  ,  'asma  amino  acid  content. 
The  changes  appear  to  be  characteristic  the  iuij...vidual  infection  and  do 
not  appear  to  be  related  to  anoi'exla  or  ti  >  state. 

Previous  observation.s  have  suggested  that  serum  from  volunteers  Infected 
with  S.  tvphl  contained  a  humoral  factor  which  when  injected  Into  recipient 
rats  would  stimulate  a  flux  of  amino  acids  into  liver.®  More  recently  serum 
hai.  been  obtained  from  subjects  With  various  types  of  naturally  acquired 
:.nit;ctloa.-=  (a  cooperacive  study  with  Dr,  Klalner,  Ohio  State  University 
.■.odical  School,  Contract-  ^’o.  DADA  17-68-C-8080) .  The  sera  ware  divided  into 
Che  following  groups:  pneumococcal  infections,  mixed  infections,  cellulitis, 
polynephritis,  and  staphylococcal  abscesses.  When  the  milllpore-filtered 
sera  v/cru  injected  into  recipient  rats  which  had  been  equilibrated  with 
c yc ioleucine ,  a  nonmetabolizable  amino  acid  analog,  a  significant  accumulation 
of  the  cycloleucine  was  observed  in  the  liver  4  hr  after  the  injection  of  any 
lOo  sera  from  the  various  types  of  Infections,  When  heated,  90  C  for  30 
min,  serum  from  an  infected  subject  was  injected  into  a  recipient  rat,  no 
effect  was  noted  on  the  distribution  of  labeled-cycloleucine .  Thus,  it  wa.s 
concluded  that  a  humoral  factor  was  released  in  subjects  with  various  viral 
ano  bacterial  infectlona  which  influenced  the  distribution  of  amino  acids 
in  host  tissues,  such  as  liver.  Current  experiments  are  being  devised  to 
attempt  to  develop  a  quantitative  bioassay  for  the  concentrations  of  this 
mediator  of  amino  acid  transport  and  to  determine  its  presence  during 
various  stages  of  infectious  processes, 

A  computer  program  is  currently  being  developed  to  evaluate  the  changes 
in  individual  amino  acids  and  the  presence  of  the  mediator  of  amino  acid 
flux  as  a  possible  means  for  early  detection  of  infection. 

.Summary,  Part  I; 

Both  viral  and  bacterial  infections  in  man  are  characterized  by  early 
depression  of  pla.sma  free  amino  acid.s.  The  magnitude  and  pattern  of  change 
in  individual  amino  acids  appear  to  be  characteristic  for  a  particular 
infection.  These  changes  in  plasma  amino  acid.s  have  been  observed  in  mild 
asymptomatic  viral  infections  but  the  marked  elevation  in  plasma  phenylala¬ 
nine-  to-  tyrosine  ratio  1.S  only  observed  during  the  febrile  stages  of  the 
infectious  process.  The  changes  in  plasma  amino  acids  appear,  in  part,  to 
be  related  to  the  release  of  a  humoral  mediator  which  .stimulates  a  flux  of 
amino  acids  into  tissues  such  as  liver. ®  The  presence  and  concentration  of 
the  mediator  a.s  well  a.s  changes  in  Individual  plasma  amino  acids  may  afford 
the  biochemical  means  of  detecting  the  exposure  of  the  host  to  a  particular 
Infectious  organism. 


Progreaa,  Part  11: 
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The  concentration  of  21  individual  free  amino  acida  in  serum,  liver, 
and  skeletal  muscle  was  determined  in  rats  durln;;  incubation,  acute  illness, 
and  terminal  stages  of  experimental  infection  with  Diplococcus  pneumoniae.^' 
By  4  hr  after  subcutaneous  inoculation  the  concentration  of  total  and  many 
Individual  free  amino  acids  in  serum,  liver  and  muscle  was  significantly 
decreased  In  comparison  to  findings  in  nonlnfectcd,  pair-fed  control  rats. 

By  use  of  a  nonmetabolizable  amino  acid  analog  (cyclolcucino)  it  was 
possible  to  detect  a  flux  of  amino  acids  from  muscle  to  liver  in  the  infec¬ 
ted  rat.  The  endogenous  amino  acids  which  moved  to  liver  wore  rapidly 
utilized  in  biosynthesis  of  serum  proteins. 

In  order  to  elucidate  further  the  mechanisms  by  which  plasma  amino 
acids  were  depressed  in  volunteers  or  experimental  animals  infected  with 
either  viral  or  bacterial  organisms,  studies  were  continued  In  animal 
models  on  alteration  and  distribution  of  2  nonmetabolizable  amino  acids, 
i*C-cycioleucine  and  a-aminolsobutyrlc- 1-^ ■‘C  acid  (AIB).  Cycloleucine 
Is  transported  at  the  "so-called"  L  site  on  the  cell  membrane  and  is  a 
model  for  transport  of  neutral  amino  acids  with  branch-chains  (e.g., 
leucine)  or  aromatic  rings  (phenylalanine).  AIB,  on  the  other  hand, 
is  transported  by  the  "alanine-preferring"  A  system  on  the  cell  membrane 
and  is  a  model  for  transport  of  alanine,  glycine,  and  other  neutral  amino 
acids  with  small  or  polar  side  chains.  These  model  amino  acids  arc  subject 
to  intracellular  transport  and  cellular  concentrations  gradients  but  are 
not  Incorporated  into  protein  or  further  metabolized. 

Rats  were  injected  subcutaneously  with  1  uCi/100  gm  body  weight  of 
either  ^*C-cycloleucine  or  ^*C-A1B  and  24  hr  later,  when  equilibrium 
distribution  had  been  established  for  the  model  amino  acid,  were  injected 
subcutaneously  with  5  x  10®  virulent  D.  pneumoniae  or  intraperitoneally 
(IP)  with  2  X  10®  Salmonella  tvphlmurium  organisms.  Food-restricted 
controls  were  inoculated  with  heat-killed  cultures  of  either  organisnt 
and  all  animals  were  killed  24  hr  later.  Two  hours  before  killing  those 
rats  that  had  received  the  cycloleucine  were  injected  IP  with  lOpCi/lOO  p.m 
body  weight  of  leucine  and  those  given  AIB  with  an  equivalent  amount  ol 
•''' H- glyc ino .  Liver  and  muscle  Intra-  and  extracellular  volumes  were  calcu¬ 
lated  from  total  water  determinations  and  chloride  space  measurements. 

The  livers  from  the  rats  infected  with  both  organisms  contained  more 
intracellular  and  less  extracellular  water  than  pair-fed,  nonlnfected 
controls.  When  compared  on  the  basis  of  intracellular  water  content, 
the  livers  from  rats  Infected  with  pneumococci,  as  assessed  by  bacteremia 
and  elevated  body  temperatures,  had  twice  as  much  cyclolcucine  or  AIB  as 
those  of  control  animals,  while  livers  from  rats  infected  with  J5.  tvphl¬ 
murium  contained  7  and  5  times  as  much  cycloleucine  and  AIB  respectively, 
as  liver  from  control  '^nlmals.  Even  though  there  was  an  increased  rate 
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of  amino  acid  transport,  the  livers  from  animals  with  either  infection  con¬ 
tained  86%  as  much  free  leucine  as  those  of  controls,  while  '''H-glycine 
content  of  the  livers  from  rats  infected  with  D.  pneumoniae  or  tvphimurium 
were  80  and  407.,  respectively.  Of  that  found  in  the  control  animals.  There¬ 
fore,  in  both  infection^,  these  amino  acids  were  transported  into  the  liver  at 
an  Increased  race  mid  were  also  utilized  or  further  metabolized  at  an  equal 
or  greater  rate  for  protein  synthesis.  This  flux  of  amino  acids  into  liver 
and  utilization  appeared  to  be  greater  in  the  animals  infected  with  the  S, 
tvphimurium  than  those  infected  with  pneumococci. 

'w.-iil-,.  c'fie  previous  studies  had  shown  that  infection-related  depression 
in  i>lasivia  a.iiino  acids  is  related  to  a  flux  of  amino  acids  from  muscle  and 
tisKuas  such  as  liver,  in  certain  infections  which  involve  hepatic  damage, 
.n;c'n  as  viral  hepatitis,  a  marked  increase  in  plasma  amino  acids  has  been 
observed.  One  possible  explanation  for  this  Increase  in  plasma  amino  acids 
vieulJ  be  the  fact  that  the  utilization  by  liver  is  decreased  due  to  hepatic 

.  To  test  this  hypothesis,  rats  were  given  various  doses  of  Inhibitors 
O;.  protein  synthetic  mechanisms  and  subsequently  Infected  to  see  what  effect 
this  would  have  on  plasma  amino  acid  flux  of  cycloleucine  into  liver,  and 
subsequent  synthesis  of  serum  proteins.  When  rats  were  infected  with  D. 
nneiimnntae  and  injected  With  12  mg  of  puromycln  over  a  24-hr  period,  they 
developed  typical  febrile  responses  and  bacteremia  as  observed  in  infected 
animals  without  puromycln.  Similarly,  the  rats  receiving  the  protein 
inhibitor  had  an  Increased  flux  of  ^*C-cycloleuclne  Into  liver  as  compared 
to  noninfected  controls  but  the  concentration  of  serum  unbound  '’H- leucine 
was  significantly  Increased  in  both  control  and  infected  anltrials.  As 
observed  earlier,  infection  resulted  In  a  2-3-fold  Increase  in  synthesis 
of  serum  proteins;  however,  in  the  rats  receiving  puromycln,  serum  protein 
synthesis  was  decreased  in  both  groups  of  rats.  The  total  serum  amino  acid 
concentrations  were  decreased  in  rats  Infected  with  pneumococci,  but,  when 
puromycln  was  given  to  these  rats  there  was  a  significant  Increase  above 
control  values,  with  a  2- fold  Increase  in  serum  alanine. 

If  rats  were  infected  with  D.  pneumoniae  and  given  0.6  mg  of  cyclo- 
hexamlde  IP  over  24  hr  (another  inhibitor  of  protein  synthesis)  none  of  the 
rats  survived  for  2'*  hr.  In  control  rats  receiving  cyclohexarolde  there  was 
a  very  marked  accumulation  of  serum  amino  acids;  serum  protein  synthesis  was 
only  157.  of  that  in  untreated  controls.  When  Infected  rats  received  lower 
doses  of  cyclohexamide  (0.3  or  0.6  mg/24  hr)  they  survived  for  24  hr  after 
infection  with  D.  pneumoniae  and  had  bacteremia  very  similar  to  that  of 
untreated  rats.  In  these  rats  there  was  an  increased  flux  of  amino  acids 
into  liver  but  there  was  no  Increased  synthesis  of  serum  proteins,  as 
observed  in  untreated  infected  rats.  Similarly,  the  concentration  of 
metabolizable  leucine  was  Increased  in  the  serum  of  rats  receiving  the 
cyclohexamide.  From  these  data  it  may  be  concluded  that  by  blocking  the 
utilization  of  amino  acids  for  protein  synthesis  an  infection  will  result 
in  a  marked  Increase  in  serum  free  amino  acids.  Thus,  the  increase  in  serum 
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a.T.ino  acids  in  subjects  with  viral  hepatitis  way  be  related  to  an  elevated 
flux  of  tissue  amino  acids  into  serum  and  a  decreuKed  hepatic  utilization 
as  the  result  of  liver  damage. 

When  weanling  rats  were  fed  an  amino  acid  deficient  diet  casein) 
the  liver  had  a  decreased  protein  biosynthetic  capacity. If  these  rats 
were  then  challenged  with  a  subcutaneous  dose  of  D.  pneumoniae  there  was 
a  marked  accumulation  of  cycloleucine  in  the  liver  and  a  2-3-fold  Increased 
Incorporation  of  radioactive  leucine  into  serum  protein.^  ss  compared  to 
nonlnfected  diet-controls.  Thus  even  though  these  rats  were  severely 
.ir.jtoin-dcploted  they  did  utilize  their  meager  body  stores  to  mobilize 
a.v.tao  acids  for  tlux  to  liver  and  subsequent  increased  synthesis  of  serum 
protci.us.  This  ougi,ests  that  the  movement  of  amino  acid  into  liver  and 
subsequent  synthusis  of  serum  proteins  is  a  basic  defense  mechanism 
against  infectious  organisms  and  takes  place  at  the  cxpetise  of  other  body 
tissues . 

Summary.  Part  II; 

From  the  evidence  obtained  from  2  model  infections,  D.  pneumoniae  and 
typhimurium  in  rats,  it  may  be  concluded  that  the  infection-related 
changes  in  plasma  amino  acids  reflect  a  flow  of  amino  acids  from  muscle 
to  liver  and  that  the  increased  movement  of  amino  acids  into  intracellular 
fluids  takes  place  at  both  the  "L"  and  "A"  sites  on  the  hepatocyte  membrane, 
There  appears  to  be  a  greater  movement  of  amino  acids  into  the  liver  of  rats 
infected  with  _S.  typhimurium  as  compared  to  D.  pneumoniae  and  may  be  related 
to  an  Increased  rate  of  gluconeogenesls  and/or  ketogenesls  in  these  rats. 

When  serum  and  hepatic  protein  synthesis  was  blocked  by  inhibitors,  puro- 
mycine  or  cyclohexamide ,  the  plasma  amino  acid  concentrations  were  markedly 
elevated  in  the  Infected  rats  even  though  there  is  marked  accumulation  of 
cycloleucine  in  their  livers.  This  would  suggest  that  decreased  utilization 
of  the  amino  acids  for  serum  protein  .synthesis  can  re.sult  in  an  increase  in 
plasma  amino  acid  concentrations  in  infections  such  as  viral  hepatitis. 

This  flow  of  aniino  acids  into  liver  and  subsequent  increased  synthesis  of 
■serum  proteins  takes  pLice  even  in  severely  protein-depleted  rats,  suggesting 
that  this  is  a  vital  process  in  the  host  defense  against  Infections. 

I'rogress,  Fart  III: 


Recently  it  lias,  been  reported  that  a  .saline  wash  from  Incubated 
peritoneal  leukocytes  th.)  t  have  been  stimulated  with  glycogen  will  mediate 
a  marked  .nci-ease  iii  the  transport  of  ^ ^C-cyc loleuclne  into  liver  cells  of 
Thesu  studies  have  bei'n  extended  to  show  that  this  leukocytic 
endogenous  mediator  (1£M)  also  has  a  significant  effect  on  the  hepatic 
accumulation  of  ^^C-AIB.  With  one  Injection  a  nwxinal  effect  is  noted  in 
3  hr;  by  9  h.  t.’nc  .  oi-.i.'.''ntration  of  the  amino  acid  analogs  are  back  to  that 
observed  in  s.. x i ne- in jec ted  rats.  If  the  rats  receive  repeated  injections 


o;  LEM  d£  A-hr  Intervals,  the  cyclolcucine  accumulates  logarithmically  and 
by  12  hr  attain  a  liver- to  serum  concentration  gradient  similar  to  that  seen 
in  animals  infected  with  S.  tvphimurlum.  Thus,  it  may  be  concluded  that 
LEM  baa  a  relatively  short  falological  half-life  as  to  its  effect  on  serum 
amino  acid  flux  into  liver  and,  in  addition,  repeated  injections  result  in 
continual  stimulation  of  the  amino  acid  transport  sites  on  the  membrane  of 
hepatocytes. 

Studies  have  continued  in  attempts  to  characterize  the  LEM  prepared 
from  different  species  of  experimental  animals.  LEM  prepared  from  rat, 
rabbit,  monkey,  and  dog  all  stimulate  a  flux  of  amino  acids  into  liver 
when  injected  into  recipient  rats,  wlille  LEM  from  goat  and  burro  had  no 
activity.  Both  pronase  and  trypsin  inactivated  the  amino  acid  flux  activity 
of  JJIM  prepared  from  rabbit;  however,  it  took  approximately  20  hr  for  either 
pronase  or  trypsin  to  completely  Inactivate  the  lEM.  The  l.EM  is  stable  for 
at  least  7  days  when  stored  at  either  4  or  -20  C  at  a  pH  range  of  4. 7-8.0. 

When  the  crude  preparations  of  LEM  from  rabbits  were  fractionated  on 
G-200  Sephadex  coluimis,  amino  acid  flux  was  observed  in  a  fraction  of  high 
molecular  weight,  >  200,000,  and  a  low  molecular  weight  fraction,  approxi¬ 
mately  10,000.  A  crude  extract  of  I.EM  from  dogs  had  similar  distribution 
of  activity  when  fractionated  on  G-200  Sephadex.  When  the  various  fractions 
were  dialyzed  against  water  and  back-extracted  with  either  DEAE  cellulose 
and  pH  6.5  buffer  or  CM  cellulose  and  pH  5.0  buffer,  the  amino  acid  flux 
activity  of  the  high  molecular  weight  fraction  was  in  the  CM  supernatant 
while  for  low  molecular  weight  fraction  it  was  in  the  DEAE  supernatant, 
in  another  study  in  which  unfractionated  rabbit  LEM  was  extracted  immediately 
v'ith  either  DEAE  or  CM  cellulose,  most  of  the  amino  acid  flux  activity  was 
present  in  the  DEAE  supernatant  fluid.  This  would  suggest  that  the  higher 
molecular  weight  fraction  merely  contains  aggregates  of  the  lower  molecular 
weight  material.  This  conclusion  was  supported  by  another  experiment  in 
which  crude  LEM  was  first  centrifuged  at  105,000  x  g  for  40  min  to  remove 
any  particulate  matter.  This  material  was  then  passed  through  an  Amlcon 
ul craf iltration  apparatus  with  a  100,000  m.w.  filter.  In  b  studies  in 
which  the  concentration  and  pH  of  the  crude  LEM  were  varied,  an  approxi- 
nutely  equal  distribution  of  the  amino  acid  flux  activity  of  LEM  was  found 
in  both  fractions,  greater  than  and  less  than  100,000  m.w.  Since  both  of 
these  subfractions  oi  LEM  lose  activity  when  heated  to  90  C  for  30  min,  it 
may  be  concluded  that  the  higher  molecular  weight  is  not  an  endotoxin  con¬ 
taminant.  The  most  plausible  explanation  for  the  appearance  of  activity 
at  these  different  molecular  weights  is  that  the  LEM  exists  in  an  aggregate!.- 
configuration . 

While  the  puresc  fractions  following  fractionation  on  Sephadex  G-200 
column  and  batching  with  either  CM  or  DEAE  cellulose  still  contain  3  to  4 
protein  bancl.c  wlier.  electrophoresed  on  acrylamide  gel,  attempts  are  continuing 
to  purify  the  mediator  of  amino  acid  flux.  It  is  hoped  that  eventually  we 
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will  be  able  to  obtain  enough  material  to  produce  an  antibody  agalnat  this 
protein  and  subsequently  develop  a  radioimmunoassay.  Once  this  has  boon 
accomplished  it  will  be  possible  to  analyze  sera  rapidly  for  the  presence 
of  this  endogenous  mediator.  This  may  be  one  of  the  earliest  indications 
of  the  presence  of  an  inflammatory  state  of  the  host. 

Summary.  Part  III; 

A  mediator  Is  released  from  phagocyizlng  peritoneal  leukocytes  which 
will  stimulate  a  flux  of  cycloleucine  or  AIB  Into  liver  of  recipient 
tininials.  This  mediator  can  be  produced  from  a  variety  of  animals  but  has 
u  certain  degree  of  specificity  for  the  homologous  species.  The  LEM  is 
heat-labile,  protein  in  nature  and  apparently  of  lower  molecular  weight 
(10-20,000  m.w.)  but  is  capable  of  forming  higher  molecular  weight  aggre¬ 
gates.  The  maeiator  is  in  extremely  low  concentration  relative  to  the 
other  contaminating  proteins  present  In  the  crude  extracts. 

Progress.  Part  IV! 

In  an  attempt  to  determine  the  site  of  action  of  LEM  In  regulating 
the  rate  of  amino  acid  flux  into  liver  cells,  studies  have  been  Initiated 
in  endocrine  deficient  animals.  In  hypophysectomlzed  rats  which  have 
been  maintained  for  at  least  3  weeks  postsurgery,  a  crude  extract  of  LEM 
would  markedly  stimulate  a  flux  of  ^^C-cycloleucine  into  the  liver  as 
compared  to  similar  injection  of  heat- Inactivated  LEM  (90  C  for  30  min) 
or  saline.  If  rats  were  adrenalectomized  and  maintained  on  1%  NaCl  for 
3  days  and  subsequently  injected  IP  with  1  ml  of  crude  LEM,  there  was  a 
marked  stimulation  in  the  flux  of  cycloleucine  to  liver  tissue  while 
heat-inactivated  LEM  or  saline  injections  had  no  effect.  These  data  v'uld 
suggest  that  neither  the  anterior  pituitary  (adenohypophysis),  which 
contains  thyrotropic,  anenocorticotroplc,  gonadotrophic,  and  growth 
hormones,  nor  the  posterior  pituitary  (neurohypophysis)  are  necessary 
for  the  effects  of  LEM  on  omino  acid  transport.  Similarly,  the  adrenal 
cortlcolds  or  catecholamines  do  not  appear  to  bo  Involved  in  the  LEM- 
mediated  effects  on  amino  acid  flux  into  liver.  Additional  studies  are 
currently  being  carried  out  in  thyroldectomized  and  diabetic  animals  to 
see  what  effect  these  have  on  LEM- s t imu la ted  amino  acid  transport  into 
li ;er . 

Summary,  Part  IV; 

The  action  of  LEM  is  apparently  not  mediated  through  the  pituitary 
or  adrenal  glands, 

I'rogress,  Part  V; 

Methods  have  been  developed  for  the  Jj;  vl tro  determination  of  the 
protein  synthetic  ability  in  the  liver  of  various  animals  In  response  to 
vjitp.er  a  viral  or  bacterial  Infection.  This  work  is  based  on  the  work 
of  iirevlous  investigators  at  USAMKH'D.^®'^®  who  showed  alterations  in 
overall  host  protein  synthesis  in  response  to  an  infection.  The  methods 


t!Hi;rioyeu  iiVu:  amtno  acid  incorporation,^®  percentage  of  active  ribosomes 
aiul  ribosoinal  patterns.^® 

The  amino  acid  incorporation  procedure  employs  tho  use  of  a  labeled 
amino  acid  to  determine  the  rate  of  incorporation  of  a  ribosomal  preparation. 
Whereas  the  %  active  ribosome  test  indicatea  the  percentage  of  the  total 
rlbosoiTies  present  that  are  active,  by  the  use  of  labeled  puromycin  which 
forms  a  peptidyl-puromycin  bond  and  removes  the  polypeptide  from  the  ribo¬ 
some  and  at  the  same  time  shuts  it  down  from  further  protein  production, 

T.-.k.  p.icterns  arc  obtained  by  layering  the  ribosomal  preparation 

"/ra^ient  and  separating  fractions  by  ultracentrifugation, 

..  r.j.  the  hcuvrer  to  the  lighter  polysomes  gives  one  an  idea  of  the 

01  ir^uKnown  or  aggregation  as  compared  to  the  normal  ratios. 

There  is  an  early  increase  in  amino  acid  incorporation,  7.  of  active 
r; -jo-iomes  ,  and  %  in  the  polysome  area  of  the  ribosomal  patterns  in  both 
cii plococcal  anu  Salinonelia  Infections.  This  is  followed  by  a  return  to 
nomal  or  below  normal  values  in  all  3  te.sts  as  the  time  of  Infection 
progresses . 

Recently  work  was  begun  on  in  vivo  incorporation  of  labeled  orotic 
acid  into  the  RKA  of  the  following  fractions  of  rat  liver;  total  homogenate, 
nuclei,  nonsceimentable  RKA  (S-RNA),  total  ribosomes,  and  free  ribosomes,^ 
Preliminary  work  on  subfractionation  of  rat  liver  after  16-20  hr  of  pneumo¬ 
coccal  infection  has  revealed  a  marked  increase  in  Incorporation  of  orotic 
acid  into  total  ribosomes  of  infected  animals  as  compared  to  controls. 

Smaller  increases  were  noted  in  the  free  ribosomes,  S-RNA  and  total  homo¬ 
genate  with  no  change  in  the  nuclear  fraction.  This  Indicates  that  while 
the  production  of  ribosomes  Involved  in  the  formation  of  Intracellular 
proteins  (free  ribosomes)  is  significantly  stimulated,  the  formation  of 
ribosomes  responsible  for  the  production  of  extracellular  proteins  (bound 
ribosomes  which  make  up  a  part  of  the  total  ribosome  preparation)  are  more 
greatly  stimulated. 

Studies  will  also  be  performed  on  infected  and  control  rats  raised 
with  a  deficient  protein  olet^^  to  determine  their  ability  to  Incorporate 
orotic  acid  into  RNA  in  response  to  an  infection. 

Summary,  Part  V: 

The  effects  of  infection  on  the  ribosouves  of  rat  liver  are  characterized 
by  an  early  Increase  in  the  production  of  ribosomal  RNA,  especially  that 
associated  wltli  the  bound  ribosomes,  followed  by  a  decrease  back  to  or  below 
control  levels. 
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Investigate  interrelationships  between  acute  or  chronic  irradiation  and 
disease  processes. 


Progre.ss . 


In  previous  studies 600  r  irradiation  was  shown  to  delay  but  not  to 
prevent  the  onset  of  protection  from  the  attenuated  form  (TC-83)  of  Venezuel¬ 
an  equine  encephalomyelitis  (VEE) ;  but  the  smaller  the.  time  interval  between 
irradiation  and  TC-83  inoculation,  the  greater  the  delay  of  onset  of  protec¬ 
tion.  Since  the  ultimate  result  of  vaccination,  protection,  with  the  attenu¬ 
ated  VEE  virus  was  the  same  in  irradiated  and  nonirradiated  mice,  the  period 
of  viremia  in  irradiated  mice  following  TC-83  immunization  was  probably  pro¬ 
longed  until  the  host  inutiune  mechanisms  had  recovered  from  irradiation  dam¬ 
age,  Limited  studies  in  1966®  showed  that  500  r  irradiation  delivered  24  hr 
prior  to  TC-83  inoeulation  prolonged  viremia  by  3-6  days.  An  experiment  was 
designed  to  determine  to  what  extent  viremia  was  prolonged  in  irradiated  mice 
and  how  this  prolongation  correlated  with  the  previously  observed  delay  in 
onset  of  protection  relative  to  challenge. 


'Ihirty-day-cid  white,  Swiss  mice,  obtained  from  Microbiological  Associ¬ 
ates,  inc.,  V.’alkers villi;.  Me..,  were  irradiated  as  previoL.sly  described. ir¬ 
radiation  was  timed  so  tiiaU  inoculation  with  5000  median  guinea  pig  intra- 
pcritoneal  iivimunizing  do.se.s  (CPIPID^^^)  of  TC-b3  occurred  at  0,  2,  7,  and  14 
days  postirradiatioD.  The  experimt;nt  was  desigmsl,  however,  so  that  all  mice 
were  vaccinated  on  the  .same  days,  Viremia  levels  were  followed  for  15  days. 
Each  mou.se  wa.s  bl^d  e'very  5th  day  and  marked  by  ear  punching.  This  enabled 
us  to  study  any  cyclic  elnanges  in  the  viremia  and  determine  whetin.'r  it  was 
prolonged  in  any  one  mouse.  One  iiundred  micro  liters  of  blood  were  drawn  rot- 
robulbarly  from  each  mouse  and  mixed  with  0.4  ml  of  phosphate  buffered  sa¬ 
line;  0,3  ml  of  this  mixture  was  injected  IP  into  a  recipient  mouse.  The;  re¬ 
cipients  were  dial lenged  14  days  later  with  1000  median  mouse  intracranial 
Uthal  do.ses  of  Trinidad  strain  VEE,  If  virus  was  pre.sent  in  the 

donor  blood,  then  the  recipient  should  resist  chaLlengi.', 


'Lhe  results,  Table  I,  show  that  irradiation  prolongs  tlie  TC-83  VEE  vi¬ 
remia  in  ra.ice;  the  shorter  the  time  interval  between  irradiation  and  immuni¬ 
zation  the  longer  tile  viremia  is  prolonged.  Viremia  of  .he  unirradiatod 
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'i'ABUJ  1.  DURATION  OF  VIREMIA  IN  IRRADIATED  AND  NORMAL  MICE  GIVEN  TC-83  VEE 
AS  MEASURED  BY  SimVIVAL  AFTER  TRINIDAD  CHALLENGE 

SURVIVORS /TOTAL  BY  DAY  OF 


DAY  OF  BLEEDING  _ IRRADIATION  PREVACCINATION  VACCINE 

POSTVACCINATION  -14 _ -7 _ -2 _ (hr  -1)  CONTROLS 


1 

3/7 

1/12 

2/11 

5/12 

4/11 

2 

5/12 

5/11 

6/12 

3/12 

4/11 

3 

4/7 

3/11 

1/12 

3/11 

5/11 

4 

5/10 

1/6 

2/10 

5/11 

1/11 

5 

1/7 

4/11 

2/9 

4/12 

0/11 

5 

0/7 

3/7 

3/8 

4/12 

0/12 

7 

0/11 

2/12 

2/7 

3/11 

0/12 

8 

0/7 

1/10 

1/7 

1/11 

0/12 

9 

0/10 

0/5 

1/5 

1/11 

0/12 

10 

0/8 

0/9 

0/5 

1/10 

0/12 

11 

0/7 

0/6 

0/7 

1/11 

0/11 

12 

0/12 

0/7 

0/6 

0/6 

0/12 

13 

0/6 

0/11 

1/3^ 

0/6 

0/11 

14 

O/iO 

0/5 

0/.5 

1/8^ 

0/11 

15 

0/6 

0/9 

0/4 

0/9 

0/12 

%  by  Day 

1 

43 

8 

13 

42 

36 

2 

42 

45 

50 

25 

36 

<:> 

57 

25 

8 

25 

45 

4 

50 

17 

20 

45 

9 

5 

14 

36 

22 

33 

0 

6 

0 

43 

38 

33 

7 

17 

28 

27 

8 

10 

14 

9 

9 

0 

20 

9 

10 

0 

10 

11 

9 

12 

0 

a.  Probably  aberrant  figures. 
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vaccinu  controls  persisted  for  only  4  days,  which  correlated  closely  (5  days) 
with  those  aninvals  irradiated  on  day -14.  However,  when  the  mice  were  irradi¬ 
ated  7  days  prior  to  inununization,  viromia  lasted  8  days,  2  days  prior,  9 
days,  and  at  hour  -1,  11  days.  A  spurious  viromic  response  was  observed  in 
one  mouse  in  day  -2  and  day  0  group  on  13  and  14  days  postimmunization,  re¬ 
spectively.  In  mice  vaccinated  1  hr  postirradiation,  viremia  was  present  in 
individual  mice  on  at  least  2  consecutive  bleedings,  e.g.,  viremia  persisted 
in  individual  mice  5  days.  However,  in  all  other  groups,  although  viremia 
of  the  group  was  detected  up  to  9  days  postirradiation,  in  each  instance  this 
represented  viremia  in  different  mice;  thus,  in  these  mice  viremia  could  not 
have  been  present  more  than  5  days. 

Although  most  of  the  irradiation  work  has  been  done  in  30-day-old  mice, 
souc  studies  were  completed  in  adult  mice  (2-9  mon  old).  As  previously  re¬ 
ported,!  the  median  lethal  dose  (LD5o(30)^  adult  mice  was  760  r, 

about  85  r  higher  than  for  30-day-old  mice.  A  series  of  studies  was  designed 
utilizing  Che  adult  mice  in  order  to  evaluate  the  effect  of  age  of  the  mouse. 
Mice  were  irradiated  with  650  r  from  21  days  pre-  to  9  days  postvaccination 
with  5000  GPIPID50  TC-83.  From  days  1-28  postvaccination,  groups  of  mice  weit 
challenged  IP  with  1000  MICIJ350  of  Trinidad  strain  VEE,  Table  II.  As  ob¬ 
served  with  the  30-day-old  mice,!  irradiation  befere  vaccination  delayed  the 
onset  of  protection  to  Trinidad  VEE.  The  delay  was  not  as  pronounced  as  that 
seen  with  young  mice;  however,  the  same  general  trend  was  noted:  the  shorter 
the  irradiation-to-vaccination  time  interval,  the  greater  the  delay  of  onset 
of  protection  to  Trinidad  VEE.  Also,  as  in  30-day-old  mice,  irradiation  of 
adult  mice  after  vaccination  inhibited  the  onset  of  protection,  but  a  time 
factor,  if  involved,  was  not  as  obvious  as  when  irradiation  preceded  vaccina¬ 
tion. 

The  effects  of  600  r  irradiation  on  hemagglutination-inhibition  (HI)  an¬ 
tibody  titers  produced  by  TC-83  VEE  in  30-day-oid  mice  have  biien  reported,! 
However,  because  of  a  few  aberrant  figures  and  statistical  inadequacies,  fur¬ 
ther  studies  were  planned.  Before  the  project  began,  the  I-Ml^V  X-ra”  unit 
became  inoperable.  It  was  found  that  by  placing  the  mice  90  cm  in  front  of 
the  Autorad  500  Cobalt  so\irce,  a  2  r/min-dose  could  be  achfovod  when  utiliz¬ 
ing  both  Cobalt  sources.  The  project  was  redesigned  so  that  the  mice  re¬ 
ceived  300  r  (2^  hr  in  front  of  the  Cobalt  source)  on  days  -14,  -10,  -7,  and 
-1  preimmunizution  IP  with  5000  GPIPID^q  of  TC-83  VEi:,  The  mice  were  then 
bled  from  days  1-60;  results  arc  pending. 

A  joint  project  with  Pathology  Division  involving  the  determination  of 
the  histopathology  of  Trinidad  and  TC-83  strains  of  VI';E  in  30-day-old  CD] 
mice  (obtained  from  Charlo.s  River  Breeding  Laboratories,  Inc.,  Wilminiiton, 
Mass.)  with  and  without  radiation  was  initiati-d.  Tlie  mice  were  placed  in  one 
of  6  group.s:  (1)  control,  (2)  irradiated,  (3)  infected  with  TC-83,  (4)  in¬ 
fected  witli  Trinidad,  (5)  infected  with  TC-83  and  irradiated,  and  (6)  in¬ 
fected  v/ith  Trinidad  and  irradiated.  The  irradiated  animals  were  exposed  to 
600  r,  infected  4  day.s  later,  and  then  serially  sacrificed  wltli  8  mice  per 
group  on  days  3,  4,  5,  and  6. 


Negative  numbers  indicate  irradiation  before  vaccination;  positive  numbers  indicate  irradi¬ 
ation  following  vaccination;  day  0  is  day  of  imrauaiMtion, 
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The  control  animals  were  essentially  normal  histologically  exi. ept  for 
moderate  infection  with  chronic  murine  pneumonia  (CMp)  in  a  few.  Animals  in¬ 
oculated  with  TC-83  showed  no  significant  differences  from  the  controls.  Ir¬ 
radiated  controls  had  only  and  expected  depletions  of  bone  marrow  and 
spleen.  The  regeneration  of  the  lymphoid  and  erythroid  elements  had  almost 
corrected  the  depletions  by  day  6.  Irradiated  animals  Inoculated  with  TC-83 
did  not  differ  significantly  from  irradiated  controls. 

Animals  infected  with  Trinidad  VEE,  on  the  3rd  and  4th  days  postinfection 
had  a  raiid-to-severe,  acute,  lymphoid  necrosis  in  germinal  centers  of  the 
spleen,  lymph  nodes  and/or  lymphoid  nodules  of  the  small  intestine,  ’ihis  be- 
ou.'.'.e  leas  apparent  on  day  S  and  had  almost  disappeared  the  next  day,  A  mini- 
;.ij1  encephalitis  in  the  olfactory  lobe  was  observed  in  2  of  8  mice  on  day  3, 
which  oy  day  4  was  manifested  by  a  neuronal  necrosis  in  7  of  8  mice.  On  days 
0  and  o,  ail  3  had  a  minimal-to-severe  encephalitis  or  meningoencephalitis 
with  neuronal  necrosis.  No  other  significant  deviations  from  controls  were 
observed  except  some  myeloid  depletion  on  days  3  and  4  postinoculation. 

Irradiated  animals  infected  with  Trinidad  had  depletions  of  lymphoid  and 
bone  marrow  elemeiits  similar  to  tne  irradiated  controls  on  days  3  and  4,  but 
the  effect  persisted  longer,  so  that  on  days  5  and  6  they  .were  still  moder¬ 
ately  depleted.  Unlike  those  nonirradiated  mice  infected  with  Trinida-l  VUv, 
a  true  encephalitis  was  present  minimally  in  only  one  irradiated  mouse,  but 
neuronal  necrosis  was  progressive  (0  of  8  on  day  3,  5  of  8  on  day  4,  8  of  8 
on  day  5,  and  7  of  8  on  day  6), 

Additional  studies  on  the  histopathology  of  irradiated  infected  mice  are 
planned,  but  are  held  in  abeyance  pending  repair  of  the  1-MEV  unit. 

Summary,  Part  I; 

Radiation  and  immunity  studies  were  continued.  Viremia  is  prolonged  in 
irradiated,  vaccinated  mice,  thus  contributing  to  the  eventual  development  ot 
protection  with  a  living  vaccine. 

Ills topatho logical  examination  of  tills  material  revealed  that  no  lesion, j 
Were  produced  in  mice  with  the  TC-83  strain  of  VF'E  virus  whether  the  mice 
were  irradiated  or  not;  the  meningoe:nccphaliti.s ,  produced  in  mic''  by  infec¬ 
tion  with  Trinidad  strain  of  VEE  virus,  was  altered  to  a  neuronal  necrosis  by 
irradiation,  presumably  because  of  depression  of  the  immune  respon.'.e.  In¬ 
fection  with  Trinidad  strain  prolonged  the  depletion  of  tlic  bone  marrow  and 
lymphoid  elements  produced  by  irr.idiation. 

Several  mechanical  failures  of  the  i-MKV  .K-ray  imit  liave  hindered  the 
progre.ss  of  this  project  tliroughout  the  year, 

Progre.ss  and  Sv.mmary.  Fart  II: 

A  .satisfactory  CobalC-60  source  has  bci'n  unavailable, 
has  been  initiated. 


Procurement  action 
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23  (U)  To  develop  a  rapid  electron  microscopic  assay  for  virus  particles  .  This 
work  unit  is  an  essential  element  In  a  comprehensive  program  for  medical  defense 
against  BW  agents, 

24  (U)  A  method  Is  being  developed  which  Involves  the  transfer  of  virus  from  a 
mllllpore  filter  to  an  electron  microscope  grid  with  negative  staining. 

25  (U)  71  07  -  72  06  -  Pending  completion  of  a  series  of  papers  on  the  model  for 
mechanism  of  membrane  transport,  experimental  work  on  the  electron  microscopic  assay 
for  virus  particle.s  has  been  temporarily  halted.  A  survey  of  the  virus  literature 
will  be  undertaken  shortly  to  extend  the  membrane  model  to  the  process  of  virus 
penetration  and  release.  It  Is  expected  that  this  survey  will  be  useful  also  In 
providing  new  ways  to  Improve  and  simplify  the  virus  assay. 

Terminated  since  FY  1973  funding  will  be  under  The  Surgeon  General,  Army. 

New  Project  No.  3A062 1 10A834;  Accession  DA  0A6416. 
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Work  Unit  No.  09(i  01  Oil:  k.aplil  Electron  Mi  c  roscop  I  c  Assay  for  Virus 

Particles  of  Diseases  of  Military  Medical 
Importance 


Do  script  1  iMl  ! 


To  develop  a  rapid  electron  microscopic  ass.iy  for  virus  particles. 

*  *■'  'liL’ll'  ■'  *  'i.  eii’  "  imu  a  rj.' : 

As  reported  previously,  experimental  work  on  the  electron  microscopic 
as.say  for  virus  particles  has  been  halted,  pending  completion  of  a  series 
of  papers  on  a  model  of  memlirane  transport,  a  model  which  appears  potenti.'ul y 
capable  of  account  ing  al.so  for  thi“  ability  of  virus  particles  to  enter 
a  cell.  The  papers  covering  the  basic  aspects  of  the  membrane  model  have 
now  been  almost  completed,  so  that  it  is  expected  tl»at  work  on  the  virus 
assay  can  be  reaiitm.?d  shortly. 

The  survey  of  the  literature,  necessary  for  extending  the  membrane 
model  to  cover  the  nK^clianism  of  virus  penetration  and  release,  should  also 
be  useful  in  connection  wltii  tlu?  virus  particle  assay.  Now  methods  may  now 
be  available  to  make  possible  a  closer  Identification  of  the  particles  from 
thoLr  Image  in  the  eiectron  microscope.  Such  methods  would  simplify 
development  of  the  ass.iy,  which  may  othen,>ise  have  to  Include  the  use  of 
ferritin  labelled  spi'Cifie  antisera. 
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late;  (Uj  Ultracentrlfugati.on;  (U)  Micelle;  (U)  MllltaK  medicine _ 

3  (U)  Apply  a  membrane  model  to  explain  mechanisms  of  action  of  Infectious  agents. 
This  work  unit  is  aa  essential  element  In  a  comprehensive  program  for  medical 
defense  against  B^  agents. 

24  (U)  The  literature  will  be  surveyed  for  applications  of  the  membrane  model  to 
virus-host  cell  interactions  and  other  infectious  disease  processes. 

25  (U)  71  07  -  72  06  -  After  revision  of  the  first  two  papers  on  the  proposed  model 
for  membrane  structure  and  function  for  resubmlsslon  for  publication,  and  completion 
of  a  paper  on  sugar  transport  now  underway,  a  literature  survey  will  be  undertaken 
to  see  if  the  model  can  be  used  to  account  for  the  pei  rtration  and  release  of  viru.s 
particles  from  host  cells.  The  model  can  account  for  he  behavior  of  myxovlruses 

In  some  detail  and  appears  likely  to  do  so  for  other  vl  uses  as  well. 


Terminated  since  FY  1973  funding  will  be  under  The  Surgeon  General,  Army. 
New  Project  No.  3AQ62 1 10A834 ;  Accession  No.  DA  OA6417. 
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Project  No,  lW6fi2711A096 :  Medical  Defense  Aspects  of  Biological  Agents  (U) 

Task  No.  1W662711A096  01:  Pathogenesis  of  Infection  of  Military  Importance 

Work  Unit  No.  096  01  012:  Biophysical  Studies  of  Membrane  Transport  in 

Infections  of  Military  Importance 

Description ; 

Apply  a  membrane  model  to  explain  mechanisms  of  action  of  infectious 
agents. 


Progress  and  Summary; 

Work  has  been  completed  on  the  theoretical  model  for  biological 
membrane  structure  and  function  described  in  the  previous  report.^  The 
key  feature  of  the  theory  is  the  lipid  micelle,  bilayers  of  limited  ex~ 
tent,  of  which  2  major  types  are  envisioned.  Phospholipid  micelles, 
with  molecules  arranged  in  a  linear  fashion,  would  occupy  a  substantial 
fraction  of  the  surface,  the  linear  micelles  being  arranged  for  the 
most  part  in  parallel  rows.  Soap  micelles,  of  equal  importance  but 
occupying  a  far  smaller  area,  would  be  scattered  throughout  the  membrane, 
the  bylayered  clusters  of  a  few  hundred  ionized  fatty  acid  molecules  being 
trapped  between  neighboring  pairs  of  linear  phospholipid  micelles. 

These  2  types  of  micelle  would  constitute  the  actual  transport 
sites  in  the  membrane;  the  soap  micelles  with  their  strong  negative 
charge  allowing  rapid  transport  of  monovalent  cations  and  some  types  of 
cationic  molecules.  The  slits  between  the  phospholipid  micelles  would 
allow  transport  of  a  wide  variety  cf  ions  and  metabolites.  The  arrange¬ 
ment  of  various  individual  phospholipids  would  provide  specific  binding 
sites  along  the  edges  of  the  slits  to  arrest  passing  ions  or  molecules 
and  orient  them  properly  for  passage  through  the  slit  into  the  cell. 

The  principal  classes  of  phospholipids  found  in  biological  membranes 
could  account  for  the  broad  categories  of  transport:  phosphatidylcholine 
and  phosphatidylethanolaraine  accounting  for  transport  of  anions; 
phosphatidylserine ,  for  amino  acids,  mainly  small,  hydrophilic  ones; 
and  phosphatidyllnositol,  for  sugars.  A  study  of  molecular  models  shows 
that  the  required  specificities  could  be  produced  by  simple  physical 
adjustments  of  molecules  about  the  slit. 

Enzymes  embedded  in  the  membrane  would  regulate  transport  activity 
by  altering  the  compression  of  the  membrane  or  by  shifting  phospholipid 
micelles  relative  to  one  another,  the  conformation  of  the  enzymes  changing 
as  they  interact  with  substrates.^  Sudden  motion  of  an  enzyme  embedded 
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near  a  row  of  linear  phospholipid  micelles  would  loosen  molecules  already 
oriented  across  the  silt  orifice,  the  molecules  then  entering  the  cell 
through  the  widened  slits.  Transport  through  a  soap  micelle  would  be 
regulated  by  compression,  the  spacing  between  Individual  soap  molecules 
determining  the  size  of  the  cation  that  could  be  sequestered.  Thus, 
enzymes  would  not  have  to  move  back  and  forth  across  the  membrane  to 
regulate  transport,  as  theorized  In  the  carrier  protein  model. 

The  concepts,  baaed  originally  on  the  properties  of  the  external 

o£  cells,  have  been  extended  to  include  mitochondrial  membranes, 
Avalizing  Che  peculiarities  in  the  lipid  composition  of  these  membranes, 
Cue  theory  can  account  in  detail  for  the  characteristics  of  carboxylic 
acid  crairsport  as  well  as  other  properties  of  these  membranes.  Molecular 
;,;odels  have  been  built  vrfiich  Illustrate  the  steric  factors  underlying 
Lhe  transport  specificities. 

Two  papers  were  written,  covering  in  detail  all  features  of  the 
model  described  In  the  previous  report^  except  for  sugar  transport.  A 
paper  on  that  subject  is  now  well  underway.  The  2  completed  papers 
were  submitted  for  publication  but  rejected.  The  validity  of  the  theory 
was  not  questioned.  The  principal  grounds  for  rejection  were  (1)  that 
the  papers  were  too  long  for  the  first  presentation  of  a  new  theory; 
and  (2)  that  the  subject  of  transport  specificity  was  not  covered  com¬ 
pletely.  Therefore,  it  seems  advisable  to  finish  the  topic  of  sugar 
transport  before  re-submitting  the  papers  for  publication,  as  had  ini¬ 
tially  been  planned. 

On  considering  how  to  shorten  the  papers  it  was  decided  that  re¬ 
organization  of  the  first  2  papers  into  3,  one  devoted  to  amino  acid 
transport  exclusively,  would  solve  much  of  the  problem,  as  well  as 
giving  greater  emphasis  to  the  coverage  of  amino  acid  transport  speci¬ 
ficity.  Ideas  for  reorganization  with  respect  to  other  topics  covered 
also  indicate  that  the  presentation  can  be  shortened  considerably  without 
excluding  any  of  the  evidence  needed  for  support  of  the  theory.  Re¬ 
organization  of  one  of  the  papers,  covering  phospholipid  structure,  is 
now  complete  and  writing  tightened  so  that  it  is  much  shorter  and  easier 
to  read.  Furthermore,  a  new  section  covering  anion  transport  has  been 
added.  It  is  intended  to  complete  the  reorganization  of  the  remaining 
material,  into  papers  on  cation  transport  and  amino  acid  transport,  be¬ 
fore  proceeding  with  the  sugar  transport.  It  now  appears  possible  that 
the  total  length  of  the  presentation,  even  with  inclusion  of  the  paper 
on  sugar  transport,  can  be  kept  within  reasonable  bounds,  so  that  length 
will  not  be  a  hindrance  to  acceptance  of  the  papers  for  publication. 
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(U)  Host  lipids  in  infftctlous  and  toxic  illnesses  for  defense  against  BW 
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Foreign  intelligence  considered 


I Wa (* *(ffi‘"l?pop¥(5 teens';"’ (U)  Free  fatty  acid;  (U)  Cholesterol;  (U)  Triglycerides; 
(Uj  Endotoxin;  (11)  Bacterial  illness;  (U)  Viral  illness;  (U)  Military  medicine 

II.  TtCMNtCAL  OiJCetivit,*  11  AAMMIACH.  Ik  I^NOflAlU  ^rwmleA  IndlvlAiet  l40niiH$ii  kr  nuMhar.  MMietfs  wiM  lacuftlp  e*A«J 

23  (U)  Study  early  changes  in  lipid  metabolism  during  infectious  and  toxic  illnesses. 
This  work  unit  is  an  essential  element  in  comprehensive  program  for  medical  defense 
against  BW  agents. 

24  (U)  Measure  serum  lipids  and  lipoproteins  during  induced  illness  and  examine 
the  kinetics  of  fatty  acid  metabolism. 

25  (U)  71  07  -  72  06  -  The  kinetic  data  from  monkeys  Infected  with  Dlplococcus 
pneumoniae  or  Salmonella  typhimurium  have  been  subjected  to  multicompartmental 
computer  analysis.  Results  suggest  an  increased  mobilization  of  fatty  acids  and 
utilization  for  synthesis  of  triglycerides  and  for  catabolism  as  a  source  of  energy 
in  the  Infected  animals.  Feeding  a  high  fat,  high  cholesterol  diet  resulted  in 
sacked  alterations  in  cholesterolgenesl s  and  increased  humor  and  cellular  immunity. 

Publications:  I’roc.  Soc.  Exp.  Biol.  Med.  138:605-609,  1971 
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Fed.  Proc.  31:  72  7,  1972 

Proc .  Soc.  Exp.  Biol.  Med.  140:314-318,  1972 
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Medical  Defense  Aspects  of  Bloloi^ical  Agents  (  J) 

Pathogenesis  of  Infection  of  Military  Importance 

Host  Lipids  in  Infectious  and  Toxic  Illnesses 
for  Defense  Against  BW 


Description: 

Study  early  changes  in  lipid  metabolism  during  Infection  and  toxic 
Illness. 

Progress.  Part  I: 

As  part  of  a  continuing  study  on  lipid  metabolism  during  illness,  the 
.data  from  rhesus  monkeys  infected  with  either  Dlplococcus  pneumoniae  or 
Salmonella  tvphlmurium  were  subjected  to  multicompartmental  computer 
analysis.  Free  fatty  acid  (FFA)  metabolism  was  studied  using  ^H-palmitic 
acid  as  previously  described.^  The  data  from  about  200  experiments 
involving  injection  of  labeled  FFA  into  control  and  infected  monkeys  are 
being  analyzed.  The  raw  data  (counts  of  radioactivity)  from  the  FFA  and 
triglyceride  compartments  have  been  corrected  for  counter  efficiency  and 
for  an  impurity  present  in  the  triglyceride  fraction  in  the  early  time 
periods.  The  model  was  extended  to  include  the  triglyceride  compartment 
and  has  been  fitted  to  about  a  quarter  of  the  experiments.  When  all  are 
satisfactorily  fitted,  the  amount  of  free  fatty  acid  being  transformed  into 
triglycerides  can  be  found  as  a  function  of  time  and  compared  between 
control  and  experimental  groups.  Reversible  and  irreversible  loss  from 
the  FFA  compartment  can  also  be  calculated  so  that  the  transformed  lipid 
may  be  expressed  as  a  fraction  of  total  irreversible  loss  from  that 
compartment. 

In  order  to  elucld.ate  further  the  effects  of  infection  on  conversion 
of  FFA  to  triglycerides,  control  and  D.  pne^.motiiae- Infected  monkeys  were 
given  a  dose  of  a  nonlonlc  detergent,  Triton  W  1339,  which  blocks  the 
utlliKation  of  triglycerides  by  peripheral  tissues.  This  resulted  in 
marked  increases  in  the  serum  triglyceride  concentrations  of  the  animals 
treated  with  the  detergent.  In  the  animals  infected  with  the  pneumococci, 
however,  serum  triglycerides  were  ■'.ncreased  to  almost  twice  that  found  in 
the  noninfected  animals  treated  with  the  detergent.  These  data  suggest 
that  in  infected  animals  there  is  a  more  rapid  synthesis  of  triglycerides 
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tluin  in  the  nontnfected  group  and  may  be  related  to  increased  mobilization 
of  fatty  acids  as  a  source  of  energy. 

Summary.  Part  I; 

The  monkey  model  for  infection  and  endotoxemla  has  been  expanded  and 
the  data  have  been  subjected  to  multlcompartmental  computer  analysts.  Pre¬ 
liminary  results  suggest  chat  there  is  an  increased  mobilization  and 
utilisation  of  fatty  acids  in  the  infected  animals. 

Progress .  Part  II ! 

A  number  of  investigators  have  suggested  that  the  feeding  of  high 
caloric  diets  can  result  in  depressed  linnune  response.^  In  order  to  study 
the  effects  of  diet  on  the  immune  responses,  rhesus  monkeys  were  fed  a  high 
fat,  high  cholesterol  diet  for  9  months  and  compared  to  a  group  fed  a  low 
fat  diet.  The  animals  fed  this  high  cholesterol,  high  fat  diet  had  serum 
cholesterol  levels  of  400-600  mg/100  ml.  Cholesterogenesls  during  infection 
in  these  monkeys  was  markedly  depressed  when  compared  with  the  normal  diet 
group  of  infected  monkeys.  Both  prior  to  and  after  infection  with  D.  pneumoniae 
a  marked  effect  was  noted  on  both  humoral  as  well  as  cellular  immunity  in 
monkeys  fed  the  high  fat,  high  cholesterol  diet.  Changes  Included:  TB  akin 
test  became  positive,  quantitatively  and  qualitatively  different  precipitin 
response  to  ovalbumin,  lessened  immunoglobulin  response,  RE  system  clearance 
of  colloid  impaired  with  morphological  changes  noted  by  electron  microscopy 
of  the  polymorphonuclear  leukocytes.  This  work  is  preliminary  but  suggests 
that  the  marked  effects  on  immune  defense  mechanisms  can  be  altered  by 
manipulating  the  dietary  fat  intakes. 

Summary.  Part  II : 

When  monkeys  were  fed  a  high  fat,  high  cholesterol  diet  marked  effects 
were  noted  on  cholesterol  metabolism  and  both  humoral  as  well  as  cellular 
litmunlty  in  these  animals.  These  studies  stress  the  importance  of  prior 
dietary  Intake  on  host  response  to  infection  and  also  suggest  the  important 
feedback  mechanisms  on  cholesterol  synthesis. 
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ill  i  ion: 


Determine  to  what  extent  various  infectious  diseases  cause  changes  in 
myocardial  lunction. 

J^rogresH ; 

The  established  methods  of  measuring  cardiac  performance  leave  much  to 
be  desired  in  describing  the  innate  contractility  of  the  myocardium.  Cardiac 
output,  stroke  volume,  stroke  index,  etc.  measure  the  heart's  ability  as  a 
pump,  rather  than  as  a  muscle,  due  to  the  fact  that  the  loading  conditions 
of  the  heart  at  the  time  of  measurement  affect  these  parameters.^  In  addition, 
these  parameters  frequently  do  not  decrease  until  late  in  the  course  of  myo¬ 
cardial  disease. 

Recently,  iittempts  have  been  made  to  define  myocardial  contractility 
from  high  fidelity  intraventricular  pressure  measurements  and  the  corres¬ 
ponding  first  derivative  of  pressure  (dp/dt).  These  studies  have  dealt 
with  the  isovolumlc  phase  of  systole  as  there  is  little  change  in  ventri¬ 
cular  geometry  at  this  time  which  would  be  another  variable  with  which  to 
contend.®  A  single  heartbeat  may  be  described  during  its  isovolumlc  phase 
by  relating  t.he  velocity  of  the  contractile  elements  (Vee)  to  the  corres¬ 
ponding  isovolumlc  pressure  (IP). 

A  controversy  exists  as  to  which  derived  index,  Peak  dp/dt 
Peak  Vee,  or  Vnmx,  is  the  most  valid  for  measuring  the  contractillty'^of 
the  myocardium.  It  ts  the  purpose  of  this  study  to  discuss  the  use  of 
these  indices  in  conscious  chaired  rhesus  monkeys. 

ElectroiiKichanical  pressure  transducers  with  head  diameters  of  6.2  mu 
(Model  1017  Dynasctenccs ,  Chatsworth,  Cal.)  and  3.0  mm  (P-15  Konigsberg 
Instruments,  Pasadena,  Cal.)  were  Implanted  in  the  apex  of  the  left 
ventricle  of  the  heart  in  male  rt\esus  monkeys  via  a  left  Ath  intercostal 
thoractoiny.  Simple  interrupted  sutures  were  used  to  anchor  the  cable  to 
the  intercostal  muscles  where  it  exited  the  thorax  and  a  pre-placed 
suture  in  the  skin  was  anchored  to  the  cable  emerging  from  the  skin  by 
taping  the  suture  ends  to  the  cable. 
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The’,  monkeys  we*e  sufficiently  recovered  from  anesthesia  in  a  few  hours 
CO  be  placed  in  their  lestraint  chairs,  which  were  constructed  of  plexi- 
I’lass  and  allowed  limited  arm  and  leg  motion  but  prevented  access  to  the 
transducor  cable,  Tiiey  were  fed  a  ration  of  commercial  monkey  feed  and 
fresh  fruit  and  given  at  least  1  hr  free  exercise  dally  after  immobilizing 
the  transducer  to  their  body  with  a  protective  bandage. 

The  monkeys  were  acclimated  to  the  chairs  and  general  environment  for 
1  week  prior  to  surgery;  data  collection  began  1-2  weeks  after  operatively, 
were  kept  us  ba.,al  as  possible  by  limiting  access  and  visual  stimuli 
u  .  .r.oir  quarieru  uiiu  by  duplicating  daylight  and  evening  hours  with 

light.  All  recording  devices  were  kept  in  an  adjoining  room 
aue  interfaced  to  the  monkeys  via  wires. 

Pres.'jure  within  the  left  ventricle  was  detected  using  the  Dyna.sclences 
y.odel  1017  and  Konigsberg  Model  P-15  implantable  transducers.  The  signal 
Iroin  each  transducer  was  amplified  to  a  level  of  approximately  1  volt  full 
scale  by  a  Dynasciences  Model  BE-3  preamplifier.  The  preamplifiers  were 
powered  from  a  regulated  supply  to  overcome  calibration  errors  from  battery 
aging.  The  signal  was  conducted  via  a  multiconductor  cable  from  the  animal 
roam  to  the  separate,  sound- insulated  room  where  the  recording  apparatus 
was  located. 

In  the  recording  room,  the  signal  went  through  a  Brush  Universal  ampli¬ 
fier  with  differencial  inputs  for  hum  cancellation.  The  hum  Induced  through 
the  approximately  50  ft  of  cable  between  the  rooms  was  unmeasurable  when  the 
differential  inputs  were  used. 

A  Brush  Mark  200  pressurized- ink  recording  system  was  used  (Brush  Instru¬ 
ments,  Cleveland,  Ohio).  Tracing  were  made  of  left  ventricular  pressure,  and 
of  its  first  derivative  with  respect  to  time,  as  developed  by  a  Biotronex 
Laboratory  Model  620  analog  computer  (Biotronex  Laboratory,  Silver  Spring, 
Md,).  System  frequency  respon.se  was  maintained  at  maximum  bandwidth  through¬ 
out  the  system,  to  obtain  a  maximum  amount  of  detail  on  the  tracing.s.  The 
high-frequency  limit  of  the  differentiator  wa.s  320  hz;  the  high-frequency 
limit  of  the  pen  drives  of  the  Brush  Mark  200  system  was  approximately  100  hz 
for  .small  deflections.  Because  of  the  mas.s  of  the  pens,  a  simple  expression 
for  frequency  response  cannot  be  given  as  the  re.sponse  changes  with  respect 
to  both  frequency  and  amplitude. 

Isoproterenol  .studies  were  conducted  by  taking  a  baseline  recording, 
injecting  a  bolus  of  Isoproteronol  intravenously  (IV)  and  then  recording 
at  30  sec  postinjection.  The  change  In  the  parameters  studied  is  expressed 
as  of  change  (%  i)  from  baseline  value.s,  by  use  of  the  equation: 

c.  Experimental  value-hasei  .ne  value 
^  Baseline  value 


X 


100 
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When  more  chan  one  Injection  was  given  per  day,  at  least  15  min  were 
allowed  for  recovery  between  trials.  The  dose  range  was  from  0.001-1.600 
ug/kg  isoproternol. 

Diplococcus  pneumoniae  <1  x  10®  organisms)  were  Injected  IV  into  2 
monkeys  (A-607  and  B*12).  Continuous  monitoring  of  core  body  temperature 
was  achieved  by  use  of  implanted  thermocouples  connected  to  a  continuous 
print-out  recorder  (Model  16  Electronic  Honeywell,  Inc.,  Philadelphia,  Pa.). 

Pressure  recordings  were  taken  every  2  hr  during  the  first  day  of 
In ij'jction  anc  then  every  4  hr  for  the  next  2-3  days.  Blood  cultures  were 
;,aKeii  every  12  hr  until  ac  least  3  consecutive  samples  showed  no  growth  of 
D.  pnoumoniae . 

Vce  was  calculated  at  5-msec  intervals,  throughout  isovolumic  systole, 
by  the  equation  Vce  -  .  Vmax  is  obtained  by  extrapolating  back  to 

^ero  pressure  that  portion  of  the  Vce  curve  that  is  linear.  Po  was  definec 
as  that  pressure  which  occurred  simultaneously  with  peak  dp/dt.  Peak  Vce 
was  defined  as  the  largest  Vce  which  was  used  in  the  regression  analyses 
for  Vmax  and  is  not  usually  synonymous  with  the  absolute  peak  Vce.  All 
presures  use-i  are  developed  pressure  (DP)  which  is  total  pressure  (TP) 
le  ss  end  diastolic  pressure  (EDP). 

The  monkeys  recovered  well  from  the  surgical  procedure.  They  began 
to  eat  a  day  or  two  following  surgery  and  at  no  time  was  there  swelling 
of  the  incision  line.  They  were  allowed  at  least  a  1-hr  period  of 
exercise  each  day  to  maintain  muscle  tone  and  prevent  decubltal  sores 
from  the  chairs.  This  is  believed  to  be  the  major  factor  that  allowed 
us  to  keep  2  monkeys  for  the  period  of  4  and  5  mon  respectively.  During 
this  time  they  gained  in  body  weight  and  muscle  mass  and  never  developed 
decubltal  sores  or  infection  along  the  transducer  cable  entering  the  body. 

In  order  to  assess  the  reliability  of  choosing  one  hearbeat  to 
analyze,  rather  than  averaging  results  from  a  number  of  heartbeats,  we 
analyzed  the  results  from  10  consecutive  heartbeats.  These  data  are 
pre.sented  in  Table  I.  It  can  be  seen  there  is  no  significant  difference 
among  these  10  curves  and  therefore  we  feel  analysis  of  one  systolic 
event  is  sufficiently  accurate  to  describe  the  heart's  contractile  element 
velocity  and  pressure  relationships  at  a  given  time, 

A  total  of  358  observations  were  made  on  5  chaired,  conscious  monkeys. 
These  data  arc  presented  in  Table  II.  The  smallest  number  of  observations 
contributed  by  a  monkey  was  12  and  the  greatest  was  162.  Data  collection 
was  not  begun  until  2  weeks  postoperattvely  in  order  to  help  assure  a 
basal  state. 
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TABLE 

I .  ANALYSES 

OF  10  CONSECUTIVE 

HEARTBEATS 

HEARTBEAT 

PEAK  dp/dt 
mm  Hg/sec 

PEAK  dp/dt 

Po 

PEAK  Vce 
aec“^ 

Vmax 

aec”^ 

1 

3464 

52.4 

2.585 

2.857 

2 

3472 

50.3 

2.359 

2.844 

3 

3522 

51.0 

2.609 

2.930 

4 

3581 

51.9 

2.585 

3.072 

5 

3564 

51.6 

2.942 

3.034 

6 

3531 

51.2 

2.942 

3.073 

7 

3506 

51.5 

3.054 

3.144 

8 

3589 

52.0 

2.871 

2.990 

9 

3506 

50.1 

2.507 

3.033 

10 

3405 

49.3 

3.094 

3.189 

Investigation  of  the  Myocardial  Indices; 

A  good  Index  of  myocardial  contractility  should  respond  to  inotropic 
intervention  and  be  unresponsive  to  changes  in  the  loading  conditions  of 
the  heart.  We  have  investigated  the  first  criterion  by  measuring  the 
amount  of  change,  after  Increasing  doses  of  Isoproteronol,  of  the 
following  Indices: 

1.  Peak  dp/dt 

2.  Peak  dp/dt 

Po 

3.  Peak  Vce 

4.  Vmax 

The  data  are  tabulated  In  Table  III.  There  is  extremely  good  corre¬ 
lation  between  the  log  dose  of  Isoproteronol  and  both  Peak  dp/dt  and 
Peak  dp/dt.  There  Is  less  correlation  between  Peak  Vce  and  the  dose  of 

Po 

Isoproteronol  and  no  correlation  whatever  between  Vmax  and  the  levels  of 
isoproteronol  challenge. 
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TABLE  III,  RESULTS  OF  INCREASING  DOSES  OP  ISOPROERONOL  ON  THE 
INDICES  OF  MYOCARDIAL  CONTRACTILITY 


INDEX 

CORRELATION  COEFFICIENT 

SLOPE 

F 

r 

b 

** 

Peak  dp/dt 

0.98 

71.49 

325.60 

Peak  dp/dt 

Po 

0.93 

30.48 

'k'it 

89.65 

Peak  VcG 

0.78 

7.99 

22.19 

Vmax 

0.0 

0.13 

O.Ol'"® 

4cic 

HR 

0.93 

20.89 

94.00 

**  P  <  0.01 

It  appears  that  the  most  sensitive  indices  of  Increased  myocardial 
inotroplam  are  Peak  dp/dt  and  Peak^dp/dt.  while  the  other  indices  are 

much  less  sensitive  to  changes  In  the  inotropic  background  of  the 
myocardium. 

Pneumococcal  Infection; 

The  IV  administration  of  1  x  10®  D.  pneumoniae  to  2  monkeys  was  performed 
as  a  pilot  rtudy  to  determine  if  myocardial  depression  or  enhancement 
occurred  during  pneumococcal  septicemia  dn  to  determine  which  index  woulo 
demonstrate  these  changes,  Both  monkeys  had  an  Initial  febrile  response 
of  105  F  within  4  hr  which  lasted  no  more  than  6  hr.  Monkey  A-607  never 
again  became  febrile  or  showed  any  sign  of  clinical  illness  although 
pneumococci  were  cultured  from  his  blood  for  48  hr.  Monkey  B-12  had  a 
diphasic  fever  pattern  and  became  clinically  ill,  exhibiting  anorexia  and 
depression,  for  2  days  during  the  2nd  febrile  period.  Positive  blood 
cultures  were  obtained  for  60  hr. 

Monkey  A-607,  which  never  became  clinically  ill,  at  no  time  exhibited 
any  significant  change  in  the  parameters  studied.  Monkey  B-12,  however, 
had  a  decrease  in  all  the  parameters  studied  (Vmax,  Peak  Vee  and  Peak  dp/dt 

to 

which  corresponded  to  the  time  between  his  2  febrile  states  and  prior  to  the 
time  he  became  clinl  .’.ally  ill.  This  decrease  was  in  relation  to  the  control 
monkey'.s  values  but  were  well  within  the  sick  monkey's  normal  range  as 
established  by  the  ni-.aii  *  2  SD, 

The  use  of  Vnvs.  lif.  been  erltjzed  on  both  theoretical  and  practical 
grounds.^  Our  expe.  '.  ice  with  it  has  shown  it  to  be  a  quantity  extremely 
.subject  to  minute  ert'is  in  analyses.  Table  IV  shows  the  effect  on  the 
parametcfs  of  iut<irt-:  ■*  due  to  an  increase  and  decrease  of  only  2  mm  Hg 
pressure  througiiour  rsovolumic  systole.  This  could  occur  as  a  reult  of 
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TABLE  rv.  RESULT  OF  A  CHANGE  OF  2  mm  Hg  ON  A  SINGLE  HEARTBEAT^ 


HEARTBEAT 

PEAK  dp/dt 

PEAK  dp/dt 

Po 

PEAK  Vee 

Vmax 

Original 

2505 

43.2 

2.199 

2.508 

+  2  mm  Hg 

2505 

41.7 

o 

o 

2.369 

-  2  mm  Hg 

2505 

44.7 

2,565 

2.898 

a.  Sot  Table  1  for  units, 

error  in  analyses  both  due  to  the  difficulty  of  finding  the  true  zero  pressure 
point  on  the  pressure  curve  and  as  a  result  of  errors  in  visual  discrimi¬ 
nation,  which  we  feel  to  be  in  the  range  of  +  0,5  nim  Hg  at  the  sensitivity 
levels  used.  Therefore,  extreme  care  must  be  taken  when  hand  analyzing 
these  pressure  curves  if  meaningful,  comparable  results  are  to  be  obtained, 

The  use  of  total  pressure  or  developed  pressure  has  similar  effects 
on  the  Vee  curve.  The  use  of  DP  (DP  *  TP  »  EDP)  and  hence  lower  than  TP, 
results  in  consistently  higher  Vee  and  Vmax  values  than  those  obtained 
using  TP.  We  analyzed  the  results  from  the  Isoproteronol  study,  using 
both  TP  and  DPj  there  was  no  difference.  The  results  from  the  normal 
observations  were  also  calculated  using  both  TP  and  DP  and  are  reported 
from  the  DP  data. 

Peak  dp/dt  and  Peak  dp/ dt  showed,  by  far,  the  greatest  sensitivity 
to  increased  inotropism^of  all  the  Indices  studies.  Peak  dp/dt,  however 
is  said  by  many  to  be  Influenced  by  the  loading  conditions  at  the  time 
of  measurement  and  hence  la  not  ideally  suited  for  use  under  conditions 
when  preload  and  aferload  change. Others  claim  that  preload,  as 
measured  by  EDP,  has  little  if  any  effect  on  Peak  dp/dt. It  has 
been  stated,  however,  that  EDP  is  noi  a  reliable  indicator  of  end- 
diastolic  volume,  which  is  the  better  index  of  preload.  We  did  not 
investigate  the  effects  of  preload  on  these  Indices  in  this  study, 
but  preload,  as  measured  by  EDP,  did  not  change  much,  2.9  i  2.8 
(mean  ±  2  SD)  in  over  300  observations  over  a  period  of  several  months 
in  normal  rhesus  monkeys,  nor  did  it  change  significantly  after  Isopro¬ 
teronol  challenge.  Tlierefore,  If  EDP  is  a  useful  Indicator  of  preload, 
and  preload  does  affect  Peak  dp/dt,  our  values  for  Peak  dp/dt  were  not 
Influenced  by  preload. 

Changes  in  afterload  (aortic  diastolic  pressure),  however,  may  have 
affected  our  values  for  Peak  dp/dt,  but  It  was  not  measured. 
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[•(•ak  dp/dL  has  bo«n  claimed  to  be  Hunsltive 
— — 


to  chap^’i's  In  myocardial 


Inotroplam  and  to  be  free  of  variations  in  the  heart's  ioading  condi¬ 
tions  If  this  latter  statement  Is  true.  It  would  appear  that  this 

Index  would  offer  the  most  reliable,  sensitive  and  accurate  measurement  of 
myocardial  contractility  In  the  rhesus  monkey,  as  It  showed  extremely  good 
response  to  increasing  doses  of  isocroteronol.  Wo  believe  any  value  for 
this  index  out  of  the  limits  of  33.3-64.1,  l.e,  2  SD  below  and  above  the 
mean,  indicates  either  a  depressed  myocardium  (<  33,3)  or  increased  contrac¬ 
tility  (>64.1)  in  the  chaired,  consclour,  rhesus  monkey. 


.D,  pneumoniae  caused  a  small,  transient  depression,  of  all  the  para¬ 
meters  studied  in  1  of  2  monkeys  to  which  it  was  administered.  This  decrease 
began  from  10-16  hr  postinfection  and  lasted  from  10-14  hr,  depending  on 
the  parameter  studied.  This  depression  occurred  during  the  initial  febrile 
peak  which  was  bei'ora  tlie  monkey  became  clinically  ill.  During  the  period 
of  clinical  Illness,  the  monkey  exhibited  the  second  peak  of  diphasic  fever 
but  the  cardiac  indices  we  used  did  not  decline  as  they  did  during  the 
initial  febrile  peak,  even  though  blood  cultures  were  positive  for  pneumo¬ 
cocci  during  tills  second  febrile  period.  It  may  be  that  the  initial  febrile 
response  and  myocardial  depression  wore  due  to  metabolites  present  in  the 
inoculum  of  pneumococcus  as  myocardial  depression  did  not  occur  during  the 
second  febrile,  peak  even  though  pneumococcus  was  isolated  from  the  blood. 


Summary : 


A  nir.thod  for  the  implantation  of  long-term  ventricular  pressure  trans¬ 
ducers  in  the  rhesu-s  monkey  has  been  devised.  Cardiac  Indices  evaluated  in 
their  response  to  increased  myocardial  inotropiam  included:  I’eak  dp/dt, 

I’eak  dp/dt.  I’oak  Vee  anc  Vmax.  Peak  dp/dt  showed  the  most  sensitive  and 

- • 

accurate  response  to  Increased  myocardial  contractility,  achieved  through 
graduated  closes  of  isoproteronol.  D.  pneumoniae  caused  a  slight,  tran,slent 
decrease  in  all  paraiTietcrs  studied  in  1  of  2  monkey.^  given  1  x  10'^  organisms 
IV. 
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Invt.  stii;ati-  ultrastructure  and  permeability  c'nnnges  of  tapil  l.iries 
resulting  from  bac'terial  infection. 


Several  procedures  were  undertaken  to  insure  s tandardiaation  in  the 
localisation  of  exogenous  protein  tiacer.s.  Th.'  specific  enzymatic  activity 
of  different  stocks  of  hor.seradi.sh  peroxidase  (HP)  were  shown  to  be  diffi'rcnt 
Therefore,  only  one  enzyme  .stock  wa.s  used  for  any  one  experiment.  IIP  ha.s  a 
tendency  to  aggrog.ite  when  dissolved  in  saline  for  long  period.s  of  time. 
Therefore,  the  solutions  were  made-up  immediately  before  injection.  'Llie 
timing  was  determined  to  be  critical.  Variations  of  as  little  ns  30  .sec 
could  produce  differences  in  the  patterns  of  localization.  All!  nianipulatieiis 
tiierefori',  wen.'  carefully  timed  and  repeat<.;d  identically  in  nil.  ex|jeriineiit  s . 
Length  of  incubation,  thickneuns  of  ti.ssue  blocks,  area  of  liver  from  which 
the  tissui-'s  wore  taken  were  all  influencing  the  1  or:;! )  ization ,  .and  were  all 
standardized.  One  of  the  most  critie.al  .-irea.s  of  the  experiment  was  the  metrie 
of  an 'sthesi.'i .  V,n  >  lus  typos  of  aiii'sthetics  were  tested  and,  in  general, 
sliown  ti:i  iiroduce  er.atic  1  oe.i  1  i t  ion  .  llie  experiment  was  ri'desigtu'd  so 
Vinit  tile  .iniiiul,-.  w.'iH'  s,i>' r ,  I'i  1  eil  .at  the  time  o;  Li.esiu  harvesting  by 
lervicol  dt  s  locati  on  with  no  anestiiesi.i . 

riie  progre  s 1  on  ol  hi  i>  1  oeoeeu-:  pii.  'uiron  i.i.  ■ ,  I’yi’e  !>  infeetion  w.i.s 
ohsej-ved  to  'iil'i  i  r  ai  cording  ti>  the  aniiiril.  This  v.ariation  w.i.s  nveri  onie  in 
two  ways:  f;.)  the  viruJi-nee  ol'  the  lulture  w.as.  increased  by  B  passag.e  s 

through  mice,  and  (.' )  monitor  llie  |•l•eCal  tempi' ra  tn  is  ef  infected  mice  ,m., 
-saeriixce  at  tlic  same  time  iluring  tlu'  infection  as  observed  from  temj'eracu.'X 
c  ha  r  t  s  . 


Alt.  1  ■t.uul.iisl  i....ition  of  'proeeilnres ,  mice  were  i.nfectcd  and  ill’  w.is 
inJjecL.'d  as  tracer, 

jcn  ..conn-  a:t.'r  p.-rox  i  da  a.  was  in'ueL.'d  i  nt  ra  v. 'non  s  1  \'  into  iia.e, 

'■  isLior,  pisaccact  wa..  tound  1 -i  the  •.innsoj..,  tlu  sp.'ice  hi.  --s.  and  ad  |ae.".it 

.u)’’ L  I.  n.-  of  :  .U'  intiicei  ie.lai  spa,  es  .j(  Lhe  .jViM  .  As  e 's  pe.  su  I" lime 

i.K.i  a  ,'l,  i  aa aeti'citv  pro.',/.,  ou-u  i;,-  tine  i  n  t  e  r.  .■  1  1  u  1  a  r  spaiss 

until,  i.an  ..ftcer  .njection  .'f  pe  ;ida  se  ,  the  di'op.csL  in  Ue  re  e  1  1  u  i.i  r 
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Hpacos  were  labeled  from  the  space  of  Dlesse  to  the  pericanalicular  tight 
junctions;  labeled  pinocytotic  vesicals  could  also  be  seen  in  the  hepato- 
cytes . 


Pinocytotic  activity  is  peaks  at  10  min  postlnj^ctlon.  Collecting 
vacuoles  are  also  formed  at  this  time.  The  sinusoid  is  often  empty  at  this 
time.  Twenty  minutes  after  injection,  the  only  activity  is  found  in  peri¬ 
canalicular  lysosomer.  At  no  time  is  reaction  product  positively  located 
within  the  bile  canaliculus. 

After  6-hr  exposure  to  D.  pneumoniae .  Type  I,  3  changes  in  peroxidase 
uptcke  could  bo  seen.  A  definite  gradient  across  the  endothelium  was 
observed  immediately  after  HP  injection.  Pinocytotic  activity  was  observed 
regularly  after  1-min  exposure.  After  5  min,  the  bile  canaliculi  contained 
reaction  product. 

Summary ; 

Procedures  were  standardized  for  anesthesia  dosages  of  HP,  and  pneumococcal 
infection  in  a  study  of  capillary  ultrastructuie . 
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23  (U)  Study  alterations  in  nitrogen  and  tryptophan  metabolism,  RNA  biosynthesia ,  and 
template  activity  chromatin  in  host  cells  during  Infection,  This  work  unit  is  an 
essential  element  in  a  comprehensive  program  for  medical  defense  against  BW  agents, 

24  (U)  Urinary  excretion  of  nitrogen  and  metabolites  of  tryptophan,  as  well  as  the 
extent  and/or  pattern  of  serum  protein  synthesis  are  measured  during  infections  of 
man  and  laboratory  animals.  The  incorporation  of  radioactive  precursors  of  RNA 
Into  KNA  Isolated  from  various  subcellular  fractions  Is  measured  during  infection. 


25  (U)  71  07  “  72  06  -  Increased  excretion  of  metabolites  of  tryptophan  and  alter- 
ation.s  in  the  urinary  output  of  the  catabolitos  of  the  pyridine  nucleotides  were 
noted  in  man  during  sandfly  and  typhoid  fever  without  resort  to  an  oral  dose  of 
tryptophan  and  thus  allow  discrimination  between  viral  and  bacterial  illnesses. 

Sepsis  caused  by  either  Dlplococcus  pneumoniae  or  Salmonella  typhlmurium 
induces  a  loss  of  body  nitrogen  and  increased  synthesis  of  specific  serum  proteins, 
the  latter  can  be  demonstrated  to  occur  even  in  malnourished  rats  suggesting  the 
o.MHontlallty  of  the  response. 

Diurnal  variation  in  the  template  activity  isolated  from  rat  liver  has  been 
demons  tra  ted , 

Publications!  Infec.  Immun.  4:556-562,  1971 

Blochlin.  Blophys,  Acta  252:239-245,  1971 
Fed,  Proc,  31:710,  1972  (abstract) 

Terminated  .since  FY  1973  funding  will  be  under  The  Surgeon  General,  Army. 

Now  Project  No.  3AQ62110A834;  Accession  No.  DA  0A6422. 
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Project  No.  1W662711A096 :  Medical  Defense  Aspects  of  Biological  Agents  (U) 

Task.  No.  lW6627liA096  01:  Pathogenesis  of  Infection  of  Military  Importance 

Work  Unit  No.  096  01  401:  Effect  of  Bacterial  and  Virus  Infections  on 

Host  Cell  Biosynthetic  Mechanisms  in  BW 
Defense  Research 


Description; 

Study  alterations  in  nitrogen  and  tryptophan  metabolism,  BNA  biosyn¬ 
thesis,  and  template  activity  of  chromatin  in  host  cells  during  infection, 

Progress.  Part  I; 

Tryptophan  metabolism  in  human  subjects,  as  measured  by  the  urinary 
excretion  of  tryptophan  metabolites,  can  be  shown  to  increase  during 
typhoid  fever  even  in  the  absence  of  a  3-gm  oral  load  of  tryptophan. 

Eleven  volunteers  who  contracted  typhoid  fever  during  a  typhoid  vaccine 
evaluation  study  conducted  by  the  Division  of  Infectious  Diseases,  Uni¬ 
versity  of  Maryland^  demonstrated  significant  increases  in  kynurenine, 
acetylkynurenine  and  o-amlnohippurate  during  manifest  clinical  illness, 

No  increases  in  kynurenate,  xanthurenate  or  anthranilate  were  obserWd 
unless  a  3-gm  oral  dose  of  tryptophan  was  administered  6  hr  before  urine 
collection.  N-methylnicotinamide,  a  catafaolite  of  the  pyridine  nucleotides, 
was  found  in  lessened  amounts  on  the  first  day  of  febrile  illness  but  was 
within  the  control  range  during  the  height  of  illness.  This  observation 
suggests  that  changes  in  pyridine  nucleotide  metabolism  occur  in  infectious 
illness  but  are  not  necessarily  linked  to  alterations  in  tryptophan  cata¬ 
bolism. 

Preliminary  analysis  of  data  from  volunteers  with  experimentally- 
induced  sandfly  fever  revealed  a  significant  increase  in  urinary  kynurenine 
excretion  and  evidence  of  increases  in  3-hydroxykynurenine  and  3-hydroxy- 
anthranilate  output.  The  change  In  kynurenine  excretion  appeared  to 
parallel  fever  index  and  was  in  some  measure  apparent  before  dietary  intake 
lessened.  Variations  in  N-raethylnicotinamide  excretion  appeared  not  to 
correlate  with  those  noted  in  tryptophan  catabolites.^  Further  analysis 
must  be  undertaken  to  assess  whether  the  excretion  patterns  of  tryptophan 
metabolites  in  the  absence  of  an  oral  load  of  tryptophan  differ  signifi¬ 
cantly  during  bacterial  and  viral  illness. 

In  order  to  study  the  mechanisms  of  the  enhanced  excretion  of  tryptophan 
metabolites,  rats  were  put  in  metabolic  cages  and  allowed  to  equilibrate 
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bc'lori.'  being  infecCed  with  either  Dip.lucuccus  pneumoniae  or  Salmonella 
ty phiniurium,  in  both  instances  pair-fed  Infected  animals  excreted  sig- 
nlfic;mtiy  more  nitrogen  hut,  on  the  other  hand,  significantly  less 
dlazotiaable  material  (i.e.,  metabolites  of  tryptopivan)  than  their  con¬ 
trols.-^  The  explanation  for  the  decreased  excretion  of  tryptophan  cata- 
boli  OS  may  He  in  the  essential  i.ty  of  tryptophan  to  protein  synthesis 
in  rodents''*^  and  the  marked  increase  in  serum  protein  synthesis  observed 
during  sepsis. 

Ml ni.:,a rv ,  dart  I: 

li'icreased  excretion  of  metabolites  of  tryptophan  and  alterations  in 
urinary  output  of  catabolltes  of  tlie  pyridine  nucleotides  were  noted 
curing  sandfly  and  typhoia  fever.  These  changes  were  demonstrated  in 
the  absence  of  an  oral  dose  of  tryptophan  and  thus  may  allow  discrimi¬ 
nation  between  viral  and  bacterial  illnesses.  Lessened  excretion  of  de¬ 
gradation  products  of  tryptophan  were  noted  in  rats  exposed  to  _D. 
pneumoniae  and  _S.  typhlmurlum. 

Progress,  Part  li; 

Rats  fed  a  diet  adequate  for  growth  eliminated  more  nitrogen  when 
exposed  to  D.  pneumoniae  than  their  pair-fed  controls  which  had  been 
injected  with  heat-killed  pneumococci.  The  average  increase  in  nitrogen 
excreted  amounted  to  3/  mg/24  hr  on  day  1  and  25  mg/24  hr  on  day  2. 

These  differences  were  significant  at  the  0,005  and  0,05  level,  respec¬ 
tively  as  Judged  by  Che  paired  t-test.  Analysis  of  the  urine  samples 
for  specific  nitrogen  metabolites  showed  urea  nitrogen,  ajiimonia,  a-amino 
nitrogen  and  creatinine  to  be  excreted  in  greater  quantities  by  the  in¬ 
fected  animals  chair  the  controls.  The  significantly  increased  excretion 
of  creatinine  on  day  2  is  consistent  with  Llie  data  fror.i  studies  in  man*^ 
and  with  the  hypothesis  that  infection  induces  a  flow  of  amino  acids  from 
skeletal  iuusclo,  to  liver. 

in  contrast  to  the  enhanced  overall  catabolic,  activity  on  day  1  in 
t'ne  infected  animaia ,  there  was  a  significant  increase  in  tlie  incorporation 
of  radioactive  ieuciiie  into  serum  proteins  at  13  and  24  hr  postexposure, 
corresponding  In  time  Co  '.he  onset  of  fever  and  bacteremia  In  these  animals. 
Lit  Lie  change  was  noted  in  total  liver  protein  incorporation  at  these 
times, ^ 

Rats  were,  infected  with  _l).  luieumoniae ;  22  lir  Jater  they  were  in¬ 
jected  with  lUO  pCi  ".i-leuc  tne/100  gm  body  weight.  Two  hours  later  they 
were  killed.  Cellulose  acetate  strip  electrophoresis  of  the  si.:ra  revealed 
significant  increases  in  tiie  a;_  and  ,  protein  fractions  and  iharked  decreases 
.1.1.1  the  albuiiiin  and  v  gJobedin  fractions.  When  die  strips  w-ire  .itained  for 
gi/ coproteins  and  tile  data  rendered  as  mg  of  protein  bound  carbohydrate, 


89 


the  m ,  ixp  and  8-glycoglobulin  fractions  displayed  significant  increases 
while  the  albumin  and  y  fractions  remained  unchanged.®  Radiochromato- 
grama  of  the  electrophoretic  strips  as  well  as  analysis  of  individual 
fractions  indicated  chat  the  oi,  02*  ‘^nd  8  serum  protein  fractions  of  the 
infected  animals  contained  more  ^H-leucine  than  similar  fractions  in  non- 
infected  pair-fed  controls,  while  radioactivity  in  the  albumin  fraction 
was  significantly  decreased. 

A  I'.iarhed  increase  in  serum  protein  synthesis  is  also  observed  in  rats 
del'iclent  diet  (6%  protein)  for  28  days  after  weaning  and 
;  to  tl'ieir  exposure  to  infecting  organisms.  The  increase  is  of  the 

asme  magnitude  as  that  found  to  occur  in  rats  fed  a  diet  optimal  for 
growth  (18%  protein)  and  thus  suggests  that  serum  protein  synthesis  by 
the  liver  is  a  fundamental  host  response  to  infection. 

When  typhimurium  was  used  as  an  infectious  agent,  pair-fed  in¬ 
fected  rats  excreted  on  the  average  135  mg  more  nitrogen  tlian  the  saline- 
injected  controls  over  a  5-day  period  following  exposure.  Though  there 
was  a  significant  increase  in  nitrogen  output  by  the  infected  rats  on 
day  1,  the  preponderant  outpouring  did  not  occur  until  day  3.  By  day  5, 
the  difference  between  control  and  infected  rats  was  minimal.  Prelimi¬ 
nary  data  indicate  that  salmonellosis  also  enhances  serum  protein  syn¬ 
thesis. 

Very  recently  we  have  been  able  to  induce  a  pattern  of  increased 
serum  protein  synthesis  resembling  that  observed  during  pneumococcal 
sepsis  in  the  rat,  by  the  administration  of  an  extract  from  peritoneal 
leukocytes.  This  same  leukocytic  extract  has  been  shown  to  induce  a  move¬ 
ment  of  amino  acids  from  muscle  to  liver  tissues.®  Similar  extracts  have 
also  been  shovm  to  elicit,  the  synthesis  of  acute  phase  globulins.'’® 

We  therefore  suggest  that  the  concomitant  outpouring  of  body  nitrogen  and 
the  enhanced  synthesis  of  serum  protein  observed  in  these  studies  have  a 
common  origin  and  are  interrelated  facets  of  the  liver-mediated  response 
to  a  proliferating  infectious  organism. 

Summary,  Part  II; 

Sepsis  caused  by  either  Ji.  pne union iae  or  _S.  typhirouriuiii  induces  a 
greater  loss  of  body  nitrogen  t!uin  occurs  in  pair-fed  controls.  Con¬ 
comitant  with  this  outpouring  of  nitrogen  there  is  an  enhanced  sjatliesis 
of  serum  proteins  wliicli  occurs  even  In  rats  fed  a  protein  deficient  (62 
protein)  diet  for  28  days  after  weaning  and  prior  to  exposure.  CelluJoso 
acetate  electrophoresis  reveals  that  tlie  a®  and  A  protein  and  ,  .v-  ;uu'; 
giycoglobulin  fractions  are  increased  in  pneumococcal  sepsis.  This  is 
conlinned  by  the  analysis  of  ®H-leuciue  incorporation  into  serum  proteins. 
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Tli«  iiicreuaed  synthtjais  oC  stiruni  proteins  does  not  become  evident  until 
after  tlie  onset  of  fever  and  bacteremia.  This  infection-induced  increment 
in  serum  protein  syntliesia  can  bo  mimicked  by  the  injection  of  an  extract 
of  peritoneal  leukocytes  as  can  the  flux  of  amino  acids  from  muscle  to 
liver,  Tliese  data  suggest  that  the  enhanced  excretion  of  body  nitrogen 
and  synthesis  of  serum  proteins  in  Infection  have  a  common  origin  and 
are  interrelated  facets  of  the  liver  mediated  host  response. 

".‘roy.i\: .i'.\ ,  Parc  III; 

During  the  past  year  the  transition  to  a  new  investigator  has 
occurred.  Previous  work  done  at  this  Institute  has  shown  diurnal  varia¬ 
tion  in  genetic  template  expression  in  the  mouse^^  and  a  change  in  this 
normal  variation  during  _D*  pneumoniae  infection  of  the  mouse, 

The  system  used  to  gather  this  data  consisted  of  isolated  mouse  chromatin 
and  a  bacterial  DKA-dependent  RNA  polymerase  Isolated  from  Escherichia 
coU,  Progress  for  this  year  has  centered  on  the  investigation  of 
the  basic  findings  in  the  rat. 

Preliminary  data  obtained  from  time  intervals  more  frequent  than 
previously  studied  has  been  used  to  construct  a  day  curve  of  template 
activity.  The  data  supports  the  hypothesis  that  diurnal  variation  is 
present  in  the  rat  and  that  the  magnitude  of  the  variation  is  greater 
than  that  reported  in  the  mouse. This  work  has  also  utilized  the 
above  mentioned  bacterial  enzyme, 

• 

In  order  to  standardize  further  the  assay  system  and  to  allow 
further  study  of  the  raultlfactorial  mammalian  transcriptional  process, 
work  is  in  progress  to  Isolate  the  rat  liver  DNA-dependent  RNA  poly¬ 
merases.  This  species-specific  in  vitro  system  will  enable  further 
studies  into  the  earlier  observations concerning  the  increased  incorpora¬ 
tion  of  precursors  into  ribonucleic  acids  during  infection, 

Sunmiary,  Part  111; 

The  study  of  the  template  activity  of  Isolated  mammalian  chromatin 
has  been  extended  to  another  species,  the  rat.  Diurnal  variation  in 
the  template  activity  of  this  animal  has  been  established. 

P resent  at ion : 


Powanda,  M.  C. ,  R.  W.  Wanneraacher,  Jr.,  and  G.  L.  Cockerell.  1972. 
.Nitrogen  metabolism  during  .sepsis  in  rats.  Presented  at,  Annual  Meeting 
of  Federation  of  y'.merlcan  Societies  for  Experimental  Hlology,  Atlantic 
City,  N.  J.  9-14  April  1972. 
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[  (U)  Arbovlru.es:  (u) 

This  work  unit  Is  an  essential  element  In  a  comprehensive  program  for  medical 
defense  against  BW  agents.  o*uiA.ai 

24  (U)  Extend  Investigations  of  the  effect  of  arboviruses  or  the  fet-is,  In  order 
to  understand  how  the  observed  effect  on  fetuses  occurs,  .tc, 

Tr  1,^1  -  Studies  were  conducted  to  elucidate  the  site  of  action  of 

TC-83  virus  which  results  In  fetal  death  when  mouse  dams  are  Inoculated  on  the 
days  10-12  of  gestation.  Developing  vlremla  levels  in  maternal  and  fetal  tissues 
following  inoculation  of  the  dam  Indicated  virus  levels  In  embryos  as  high  as 
2  logs  more  virus/ gram  of  tissue  than  observed  In  maternal  blood.  However,  the 
highest  virus  levels  were  seen  In  uterine  tissues.  Histopathologic  studies 
suggest  that  placental  lesions  precede  fetal  death. 

Terminated  since  FY  1973  funding  will  be  under  The  Surgeon  General  Array 
New  Project  No.  3A062HQA834;  Accession  No.  DA  aA6423. 
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S  I’rojuct  No.  il\'oo2  7 1 LA09() :  Mi'dical  Doft-nso  Aspi-cts  of  Biological  Agents  (U) 

Task  No.  1W662711A096  01:  I’athogenosis  of  Infection  of  Military  Importance- 

Work  Unit  No.  090  0]  402;  Host-parasite  Relationships  in  I’athogenes i s  of 

Vims  -.nfectioiis  of  Military  Medical  Importance 

p  1 1  OTi : 

iOenci-fj'  ai.e.  st..dy  factors  fnv'olvcd  in  the  pathogenesis  of  virus  disLias^s. 


j'rogresa  : 


Studies  :iave  shown  tliat  pregnant  mice  inoculated  with  live,  attenuated 
Venesuolan  equine  encephalomyelitis  (VEE)  vaccine  virus  (TC-83)  during  a  cer¬ 
tain  stage  of  gestation  had  diminished  litter  size,  more  stillbirths  and  in¬ 
creased  mortality  of  young The  same  studies  suggested  that  transmission  of 
TC-83  from  dams  to  young  occurred  utoro.  Previous  .studies  had  shown  that 
the  ma.'iimum  detrimental  effect  on  the  fetuses  and  newborn  occurred  when  dams 
were  inoculated  on  days  10-12  of  gestation.®  To  determine  relative  viromia 
titers  of  maternal  blood  and  embryonic  tissues,  dams  were  inoculated  on  the 
10th  or  12th  day  of  gestation  with  5000  median  mouse  intrapcritoneal  (IP)  im¬ 
munizing  doses  (MIPID  ').  In  Experiment  1,  selected  dams  inoculated  on  day  10 
were  killed  12  and  24  nr  postinoculation  and  at  24-!ir  intervals  thereafter. 
Maternal  blood  and  an  embryo  su.spcnsion  from  each  dam  were  examined  for  virus 
tit('rs.  Result.-,  arc.-  shown  in  Table  I.  Peak  embryonal  viremia  was  attained 
by  48  hr  po.-Jtii\ociilat  ion  of  the  dam  and  su.stained  through  96  hr,  Tliis  period 
of  ma.ximum  euu)r>'onal  viremia  correlated  with  tlie  peak  maternal  viremia;  how¬ 
ever,  tile  matiriial  blood  virus  titers  Wi-re  approxiimite  1  y  2  log.s  lower  in  mag- 
iii  fade , 

In  l':;':peiu v.u;it  2,  ilains  \o-re  iiuiculated  on  the  12tl)  day  of  gestation  and 
killed  d;iily.  a.,  i;;  .-u-iiu-r Inient  1.  MaLernal  bl>.)C>d,  uterine  tissue  and  irr.hry- 
oni  c  suspen;-;ien.-'  were  assay-v-d  Lor  -/irus  tiLv.'rs,  Results  are  shov^;n  in  Tab’;.. 

11.  Tlje  vii'ii.-.;  titer.s  in  the  ut--r:ne  tis-sue  weiw  e.xcL-ptionai  ly  high,  ixci.-eding 
values  attained  i  ii  ^.-itlu-r  embryo,,  or  imiternal  Lis.--:ues.  l-'uture  studies  will 
attempt  to  .sepa.,'ate  placental  and  uteriiii-  tl.s;uu‘.s  and  I’urtiu-r  evaluate  thesu 
e;-;cept  Iona  L  i\'  .ligl;  '.•iru.s  titers. 

To  inves'cigate  tile  mode  of  aeti.'n  of  TC-oJ  in  producin};  the  .seNwre  detri¬ 
mental  cfiT-ct.-;  previeuslv  obsi-rved,  tlu-  gross  and  h.  is  topatho  log  i  cal  etfects 
of  rc-83  viru.s  on  fetus,  pl.aeenta  and  uterus  Weis'  initiated.  Ninety-six 

pr..-e,naat  mic^  •.-.'.■lu-  i;u>cu]ated  IP  on  Liio  12th  day  of  gestation  with  5000 
■  ‘iPlD,.  'J'083  virus,  iVi.-ive  infected  and  12  non!  niT'eted  dams  were  necrop.-iied 
at  dHilir  iiU.-  rvals  until  1  day  post  partur.i.  .\  gross  determination  of  number 
of  fiituses ,  yi.a'iu  1. ity,  site.--;  of  re.sorption  and  placi-ntal  sites  were'  made  in 
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'I'AlilJ';  It.  VliUiMLA  LHVKLS  IN  MATiiRNAL  AND  FKTAL  TISSUKS  AFTER  INOCUUTION  OF 
DAM  Wini  5000  MIP1D„  TC-83  VIRUS 

90 


HOURS  POST- 

TISSUE 

INOCULATION 

Maternal 

Blood 

Embryo 

Uterus 

-‘-f 

+ 

4.4 

±  0.1 

48 

+ 

3.9  ±  0.3 

5.5 

±  0.2 

72 

3.9  ±  0.2 

5.4  i  0.7 

8.0 

±  0.1 

96 

+ 

4.2  ±  0.7 

8.9 

O 

-H 

120 

,b 

4.9  ±  0.8 

5.5 

O 

-H 

144 

- 

+ 

4.1 

±  0.2 

a.  Viremia  present;  too  low  to  quantitate. 

b.  No  detectable  virewia;  limit  of  detection  2.0. 

each  mouse.  Portions  of  the  uterus  and  its  contents  were  collected  from  each 
mouse  necropsied,  fixed  in  10%  neutral  buffered  formalin  solution  and  evalu¬ 
ated  histologically.  Maternal  blood  and  fetal  tissue  were  collected  for  vi- 
remia  assay,  but  a  laboratory  accident  prevented  an  accurate  virus  determina¬ 
tion. 


Results  of  macroscopic  observations  are  summarized  in  Table  III.  While 
placental  attachment  sites  were  relatively  uniform  in  all  groups,  significant 
fetal  death  with  resorption  was  seen  in  the  experimental  group  by  5  days  post¬ 
inoculation.  By  day  6,  the  maximum  effects  were  observed,  as  the  mean  number 
of  live  fetuses  did  not  change  significantly  thereafter.  It  would  appear  that 
resorption  of  most  of  the  dead  embryos  began  shortly  after  fetal  death. 

The  histopathologic  observations  arc  summarized  as  follows:  No  lesions 
were  observed  in  either  the  fetuses  or  dam  which  could  be  attributed  specifi¬ 
cally  to  the  effects  of  TC-83  virus.  Necrotic  foci  in  the  luirien  of  the  uterus 
which  were  cither  resorption  or  abortion  sites  were  observed  in  both  control 
and  inoculated  dams  with  about  the  same  frequency  on  days  1  and  2.  In  these 
cases,  the  lesions  obviously  had  been  present  more  than  2  days;  they  are  con¬ 
sidered  to  be  the  result  of  early  embryonic  death,  rather  than  an  effect  of 
TC-83  virus.  On  the  other  hand,  in  mice  nocropsied  after  day  2,  the  resorp¬ 
tion  sites  occurred  primarily  in  the  infected  mice.  Marked  placentitis  and/or 
placental  necrosis  also  were  scon  primarily  in  inoculated  mice.  Results 
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liugRctit  that  thy  primary  lesion  resulting  in  the  severe  effects  observed  may 
he  in  the  placenta;  however,  these  results  arc  limited.  Tl.e  exceptionally 
high  virus  titers  in  the  uterine  tissues  (which  may  bi..  /  .i^irely  a  result  of 
placental  tissue)  would  further  suggest  that  this  rapidly  growing  tissue  may 
be  a  primary  target  organ  for  this  virus.  Additional  studies  will  be  ori¬ 
ented  toward  further  elucidation  of  these  observations. 

Summary: 


Studiea  were  conducted  to  elucidate  the  site  of  action  of  TC-83  virus 
v/r.icn  results  in  fetal  death  when  mouse  dams  are  inoculated  on  the  10th-12th 
days  of  gestation.  Developing  vlremia  titers  in  maternal  and  fetal  tissues 
following  inoculation  of  the  dam  indicated  virus  titers  in  embryos  as  high  as 
2  logs  more  virus  per  gram  of  tissue  than  observed  in  maternal  blood.  How¬ 
ever,  the  highest  virus  titers  were  seen  in  uterine  tissues.  Histopathologic 
studies  suggest,  but  are  too  minimal  to  be  conclusive,  that  placental  lesions 
precede  fetal  death. 

Additional  studies  are  in  progress. 

Publications ; 

Spertzel,  R.  0.,  C.  L.  Crabbs,  and  R.  E.  Vaughn.  1972.  Transplacental 
transmission  of  VEE  virus  in  mice,  Infec.  Inanun,  (In  press), 
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23  (U)  Determine  the  ultrastructure  of  arbovirus  Infection  in  the  mouse  central 
nervous  system.  This  work  unit  is  an  essential  element  in  a  comprehensive  program 
for  medical  defenae  against  BW  agents. 

24  <U)  Mice  Infected  with  VEE  virus  are  killed  at  regular  time  Intervals  and  their 
brains  examined  by  electron  microscopy. 

25  (U)  72  04  -  72  06  -  Tlie  new  Investigator  has  studied  normal  brain  and  other 
tissues.  Animals  will  be  infected  with  VEE  virus  In  the  near  future. 

Terminated  .since  FY  1973  funding  will  be  under  The  Surgeon  General,  Army, 
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Project  No.  IW662711A096 :  Medical  Defense  Aspects  of  Biological  Agents  (U) 

Task  No.  1W662711A096  01;  Pathogenesis  of  Infection  of  Military  Importance 

Work  UniL  No.  096  01  404;  Mouse  Brain  Ultras cructure  in  Viral  Infections 

of  Military  Medical  Significance 

Oescription : 

Determine  the  ultrastructure  of  arbovirus  infection  in  the  mouse 
central  nervous  system. 

Progress  amJ  Summary: 

The  outcome  of  a  viremia  is  dependent  on  a  multitude  of  factors, 
among  which  are  vir'us  concentration,  organotropism  (if  any),  condition 
of  the  host,  and  virus  size. 

Large  viruses,  such  as  vaccinia  (250  mu)  are  cleared  in  minutes  by 
the  reticuloendothelial  system,  while  smaller  ones,  such  as  Venezuelan 
equine  encephalomyelitis  (VEE)  (60-75  mn)^  have  longer  half-lives. ^  This 
longer  half-life  may  be  decisive  in  favoring  en«lothelial  invasion  by  a 
circulating  virus.  Indeed  numerous  investigators  have  shown  viral  antigen 
in  .significant  amounts  in  the  endothelium  of  the  central  nervous  system. 
Neural  infection  and  spread  along  axons,  perineural  space  and  endoneural 
cells'  is  probably  secondary  to  endothelial  Invasion  and  growth. 

Adult  mice  will  be  inoculated  with  1000  median  intracerebral  letlial 
doses  by  the  intravenous  route.  They  will  be  killed  serially  in  time  and 
tissues  taken  (principally  brain)  for  electron  microscopy  study, 
titrations  and  H  &  E  section. 

Normal  brain  (and  other  tissues)  have  been  processed  and  studied  by 
electron  microtcopy,  in  anticipation  of  actual  inoculation  and  harvesting 
of  infected  tissue. 

Publication ; 


None. 
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Foreign  Intelligence  considered 

NAMCi 

NAMC: 

DA 

'“(|l}r‘WlT^'?4v^tr~rD5'“lhCr«'Tnfectlon8}  (U)  Ultrastrueture;  '<U>  Pathogeneiia; 

(U)  Bnceohaloittvelltla.  Equine  (VEE) _ 

II.  rCfaHNICAL  OfilCTIVC,*  14.  AVAAQACM,  |».  HAOOAKM  *r  «hwM»  ^«««»  «••*  »l  •#«*  »ltfk  CiMffAcsUM  CM#-) 

23  (U)  To  evaluate  the  ultraatructural  changes  In  lyophold  tissue  of  alee  Infected 
with  virulent  and  attenuated  strains  of  VEE  virus.  This  work  unit  Is  an  essential 
element  In  a  comprehensive  program  for  medical  defense  against  BW  agents, 

24  (U)  Groups  of  mice  are  Infected  with  Trinidad  VEE  and  the  TC-83  vaccine  strain 
VEE,  At  various  time  Intervals  following  Inoculation,  mice  are  sacrificed.  Sections 
of  spleen  are  collected  and  prepared  for  electron  microscopy  to  study  the  lymphoid 
elements.  The  remaining  tissues  are  formalin  fixed  for  later  light  microscopic 
evaluation.  Fluorescein  tagged  antibody  Is  to  be  used  to  localize  the  virus  In 

the  tissues. 

25  (U)  71  07  -  72  06  -  Light  microscopic  evaluation  of  lymphoid  changes  early  In 
infection  with  virulent  and  attenuated  strains  of  VEE  have  been  compared.  Tissues 
have  been  prepared  for  electron  microscopic  study  but  technical  difficulties  have 

delayed  this  study. 

Fluorescein  conjugated  antl-V£E  antibody  of  rooster  origin  was  prepared  and  is 
being  tested. 

Terminated  since  FY  1973  funding  will  be  under  The  Surgeon  General,  Array. 

New  Project  No.  3A062 1 10AS34 ;  Accession  No.  DA  QA6425. 
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Pryjoct  No.  IW66;:  71 1A096  : 
Task.  No.  1W662711A096  01: 
Work  Unit  No.  096  01  403: 


Medical  Dcrensc  Aspects  of  Biological  Agents  (U) 

Pathogenesis  of  Infection  of  Military  Importance 

Lymphoid  Tis.;ue  Ultrastiucture  in  Viral  Infections 
of  Military  Importance 


Descr.Lpt  ion ; 

Study  ultras t ruccural  changes  of  lymphoid  tissue  lesions  produced  by 
VLE  and  yellow  fever. 

Progress ; 

Lymphoid  necrosis  has  been  observed  in  mice  infected  with  the  virulent 
strain  of  Venezuelan  equine  encephalomyelitis  (VE?,)  virus.  Hyperplasia  of 
reticuloendothelial  (RE)  cells  is  described  in  mice  infected  with  the 
attenuated  vaccine  strain  of  VEE  (TC-83).  These  mice  develop  an  enhanced 
antibody  response  to  antigenic  challenge.  It  has  been  theorized  that 
this  enhanced  inuuunity  is  related  to  the  effect  of  Che  virus  on  the  RE 
system.  It  does  appear  that  Che  lymphoid  system  is  a  target  organ  for 
VEE  virus.  An  ultrastructural  study  of  the  lymphoid  changes  during  in¬ 
fection  should  help  explain  Che  pathogenesis  of  VEE  infection.  It  may 
explain  the  mechanism  of  enhanced  antibody  response  produced  by  attenuated 
VEE  infection  ia  mice. 

Fifty  35-day-old  white  mice  were  divided  into  3  groups.  One  group 
was  inocuiared  with  5000  median  mouse  intracerebral  lethal  doses  (MICI.D.  ; 
of  TC-83  by  the  incraper itoneal  route  (IP)  route.  ITie  2nd  group  receivoil 
1000  MICLD.yOf  TrinLdad  strain  VE’.- ,  and  the  3rd  group  served  as  a  control 
group.  Mice  from  each  group  were  killed  at  12-iir  intervals  through  48-!ir 
post-inoculation  and  then  at  24-hr  intervals  through  the  6th  day. 

Sections  or  spleen  were  collected  from  each  ■mouse  and  prepared  for 
electron  microscopy.  The  remaining  tissues  were  formalin  fixed  and  prepared 
for  light  microscopy.  Special  interest  was  directed  toward  the  presence  ;u''.d 
severity  of  lympnoid  criange.s.  These  findings  have  been  summarized  in  fable  1. 
RE  cell  iiyperplasia  was  not  pronounced  in  any  of  the  infected  mice.  Tochni- 
ca]  ditficultics  with  the  electron  microscope  have  delayed  the  exa:'..ination 
of  Che  tissues  at  tiie  ultrastructural  level. 
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TAliLli  i.  PR£St;NCE  OF  NECKOSIS  IN  LYMPHOID  TISSUES 


TIME  POST- 
INOCULATION 

hr 

PRESENCE 

OF  LYMPHOID 

NECROSIS® 

CONTROL 

TC-83 

TRINIDAD 

12 

• 

* 

2h 

- 

- 

++ 

36 

- 

•H- 

+++ 

48 

- 

++ 

•K-P 

72 

- 

- 

++ 

96 

- 

- 

++ 

120 

- 

- 

+ 

144 

- 

- 

- 

a.  -  No  pathology 
+  Minimal 
++  Moderate 
+++  Severe 

Anti-VE£  antibody  was  produced  by  inoculating  roosters  with  Trinidad  VEE, 
The  serum  was  collected,  fractionated  and  conjugated  with  fluorescein  isothiocy- 
nate.  The  conjugated  antibody  will  be  used  for  localization  of  the  virus  in 
tissue  sections.  Initial  attempts  lo  test  the  conjugated  antibody  on  VEE- 
Infected  tissue  culture  cells  have  yielded  poor  results,  and  it  has  not  yet 
been  determined  if  ttie  conjugated  antibody  is  satisfactory  for  use. 

Sununary  : 

Lymphoid  changes  in  mice  infected  with  virulent  and  attenuated  strains  of 
VEE  have  been  compared  by  light  microscopy.  Tissues  have  been  prepared  for 
electron  microscopic  study,  but  technical  difficulties  have  delayed  this  study. 

Fluorescein  conjugated  anti-VEE  antibody  of  rooster  origin  was  prepared 
and  is  being  tested. 

Publications : 


None. 
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II  uiuJio.iMT^N..«*A^N.Ml..Jii,ti.-..iii..,»c.j.,  Staphylococcus;  <u5"Entetotoxrn;  l(urToxins; 

(U)  Lung  pathology  (U)  Military  medicine;  (U)  Cannulatlon;  (U)  Histiocytes _ 

I.  rtCHMICAL  PPJICTIVC.*  li  APAAOACM.  Ik  AHPpMtU  irwmleA  In#  »<4Ml  »4f«41A»A*  l4*KiUf4  Ar  "uwAtf  t*»t  •!  MCA  lecivlh’  C/MClNcAl/M  CM*.; 

23  (U)  Study  the  biological  effects  of  microbial  toxins.  This  work  unit  Is  an 
essential  element  In  a  comprehensive  program  for  medical  defense  against  BW  agents, 

24  (U)  The  effects  of  microbial  toxins  on  animal  hosts  are  determined  by 
measuring  various  physiologic  parameters. 

25  (U)  71  07  -  72  06  -  Techniques  have  been  perfected  for  surgical  Implantation 
of  single  or  multiple  cannulatlon  devices  In  the  rhesus  monkey  to  facilitate 
Introduction  of  toxins  at  specific  gastrointestinal  slte.s.  In  addition,  preliminary 
studies  utilizing  Intestinal  loops  have  demonstrated  no  gross  or  histopathologic 
differences  between  luops  containing  SEB  and  control  loops  containing  saline. 

Preliminary  data  obtained  in  this  study  suggest  that  the  dosage  of  purified 
staphyloloccal  alpha  toxin  employed  was  lethal  for  the  rhesus  monkey  and  that 
postmortem  lesions  were  compatible  with  those  seen  in  deaths  from  endotoxins.  IV 
administration  of  delta  toxin  at  the  do.sage  indicated  appeared  to  have  no  adverse 
effect.  Additional  studies  employing  significant  numbers  of  rhesus  monkeys  are 
needed  to  fill  the  existing  void  in  data  collected  from  subhuman  primates  and  to 
better  elucidate  the  In  vivo  mechanism  of  action  of  purified  samples  of  staphylococcal 
alpha  toxin. 

Publication:  I.ab.  Inve.st.  25:617-625,  1971. 

Terminated  since  FY  1973  funding  will  be  under  The  Surgeon  General,  Army. 

New  Project  No.  3A062 1 10A834 ;  Accession  No.  DA  OA64Z6. 
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Project  Ml).  l\-,'f)62  /  1  lAO'iij :  Mi'dlccil  OeLi'nsi.'  Aspects  oL  11  io  lof.’,ica  1  Agents  (U ) 

Task  No.  11^66271^090  01;  Pathogenesis  oT  Infection  of  Military  Trnportancv 

Work  Unit  No.  O'JO  Oj  600;  lliological  Kffects  of  Microbial  Toxins  of 

Military  Medical  Importance 

Ol  .. ptioii : 

Study  tile-  biological  effects  of  microuiai  toxins  in  thc‘  animal  host. 
Pro. .re:;:;.  m 


Perr.riiieiiL  i  .ninu  l.u:  Ion  devices  developed  fe.r  use  iii  tne  uu^  have  i.'e',.;i  -t..- 
cesstuliy  raoarficcl  ..'or  use  in  the  rhesu.s  monkey.  Techniques  have  been  per¬ 
fected  for  surgical  implantation  of  single-  or  multiplc-cannulation  devices 
Co  facilitate  introduction  of  toxins  at  specific  gastrointtistinal  sites. 

There  .are  indications  that  clinical  illness,  as  a  result  of  intoxication  with 
staphylococcal  enterotoxin  li  (ShU),  depends  on  the  level  of  Che  gastrointes¬ 
tinal  tract  at  whicli  the  toxin  is  introduced,  Studie.s  are  current,;,  prog¬ 
ress  to  determine  if  this  difference  is  real. 

Preliminary  work  lias  been  completed  utilizing  SMB  instilled  into  the  lu¬ 
men  of  intestinal  loops  using  methods  employed  in  the  invo.stigation  of  cholera 
toxin.  Forty  ,.;g  of  Lot  14-30  SEB  in  1  ml  of  .saline  were  introduced  into  loop.s 
in  the  diuHluiium,  Jejunum  or  ileum.  .Saline  was  u.sed  in  alternate  loops  a.s  con¬ 
trols.  In  addition,  corri;spondin.g  loops  in  another  monkey  contained  only  ;5a- 
lliii.;.  When  ob.served  after  4  iir,  no  differences  in  fluid  accumulation  were 
noted  betwi‘en  loop.-,  containing  .SFll  and  .saline.  Histopathol  ogic  exair.i  nation 
revealed  minir.’.a.i  Lo  modi'rate  dilation  of  iacteals,  edema  of  the  submuco.sa, 
In.Jtlocyte  and  ;ii erotic  ei.'llu];ir  debris  near  tiie  tips  of  villi  in  control  as 
Well  as  SKil  t''SL  loop:;. 

S'Lir.uii.ury ,  Part  1  : 

Teclinique;.  '.luve  been  pi’rfeeted  for  surgical  imp 'i  ancati  on  of  :single-  or 
■.luiLCip  le-eariuuiation  devices  in  the  rhe.su.s  monkey  to  f.icilitate  introduction 
k'i  toxin.s  at  bpe.cifi.c  gastrointestinal  sites.  In  addition,  preliminary  stud¬ 
ies  ut  i  1  i. ing  i -.UHes  trna  i  Loop;:;  have  di'mo ns  tratt.'d  no  gross  or  histopathologic 
differences  ‘k  cwi  lt.  loop.s  eontainin);  Sbb  and  control  loops  containing  saline. 

Prc'iji.re  .  f'a'i  .  1  ; 


'.  '..ioL  ;'r.'.eef  w.us  i.nitiatee.  to  deLirmine  the  pathophys lo lor.ic  re.spon.ses 
OL  riiesa:-.  v.ie;.,oe;  s  Lo  i n t r.ivenoin;  I'lV'i  injection  of  purified  samples  of 


i  il 


!i tapliy lococcal  alpha  (a)  and  delta  (A)  hemolytic  exotoxin.'-i  Alpha  and  ^ 
heniolytic  exotoxins  are  only  2  o£  a  largo  number  of  poteaLially  toxic  factors 
and  enxymes  produced  by  various  strains  of  Stapliy lococcus  aureus ;  these,  are 
not  to  he  confused  wit!i  staphylococcal  enterotoxins  which  likewise  bear  let¬ 
ter  designations. 

Throe  rhesus  monkeys  were  inoculated  IV  with  a  a,  r<:-10  (most  purified) 
or  a-11  toxin  preparation;  a  4th  monkey,  inoculated  v;ith  borate  buffered  sa¬ 
line  (BBS),  served  as  a  control.  After  surgical  implantation  of  necessary 
ia.-Lraraentution,  monkeys  were  placed  in  restraint  chairs  and  allowed  to  sta- 
for  24  hr  prior  to  collection  of  baseline  data  and  toxin  injection. 
Pl-.ysiologic  parameters  measured  included  arterial  pressure  (BP),  mean  arteri¬ 
al  pressure  (MAP),  electrocardiogram  (EKG),  respiratory  rate  (RR) ,  heart  rate 
(HR),  body  temperature,  and  various  hematologic  values  [white  blood  cell 
(WBC)  and  differential  white  count,  hematocrit  (IICT) ,  blood  urea  nitrogen 
(BUK)  and  blood  chemistry].  Complete  gross  and  microscopic  pathological 
studies  were  performed  on  monkeys  that  died. 

Table  I  is  a  summary  of  the  data  sent  by  Dr.  Rahal,  indicating  the  le¬ 
thality  of  the  various  toxins  for  rabbits,  their  respective  activities  in 
terms  of  hemolytic  units  (HU)  per  yg  protein,  and  the  amounts  of  the  respec¬ 
tive  toxins  that  were  administered  to  each  of  the  4  monkeys. 

TABLE  I.  CHARACTERISTICS  OF  STAPHYLOCOCCAL  ALPHA  AND  DELTA  HEMOLYTIC  TOXINS 


IDENT. 

MONKEY 

NO. 

mg  INJECTED 
(IV) 

SPECIFIC  ACTIVITY 
(HU/ag) 

Mg  LETHAL  (45  MIN)/ 
3-kg  RABBIT 

a-10 

B-137 

1.0 

10 

75 

..'-11 

B-147 

3.5 

3.6 

<140 

L 

B-142 

10.0 

-- 

-- 

Control 

B-156 

2  ml  BBS 

-- 

-- 

Monkeys  receiving  BBS  or  ^  toxin  showed  no  abnormal  clinical  signs.  However, 
Che  monkey  receiving  it- 10  toxin  demonstrated  scve’re  signs  consisting  of  eme¬ 
sis,  lethargy,  dyspnea  and  respiratory  arrest  terminally;  the  monkey  which  re¬ 
ceived  Qt-ll  toxin  showed  similar  clinical  signs. 


'“Supplied  by  Dr.  James  J.  Rahal,  Chief,  Division  of  Infectious  Diseases, 
f  teran.'"  '  Jministration  Hospital,  Nevy  York,  N.  Y. 
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Pliysiologic  data  collected  on  the  monkey  receiving  t  toxin  were  consiii- 
tent  witlv  values  recorded  for  the;  control  monkey  throughout  the  72-hr  obser¬ 
vation  period.  The  a-10  and  Q!-ll  monkeys  showed  early  elevation  in  body  tem¬ 
perature  and  blood  pressure,  believed  to  be  associated  with  emesis,  retching 
and  struggling.  From  10  min  postlnjcction  to  death  at  95  min,  the  a-10  mon¬ 
key  showed  a  progressive  drop  in  BP,  RR  and  HR.  Although  the  Of-ll  monkey  re¬ 
mained  more  physiologically  stable  throughout  the  observation  period,  both 
a-10  and  a-11  monkeys  sliowed  a  precipitous  fall  in  blood  pressure  terminally. 
Physiological  data  arc  summarized  in  Table  II, 

Thu  control  and  ^  monkeys  showed  similar  hematologic  values  except  for 
a  marked  leukopenic  change  with  subsequent  rebound  demonstrated  by  the  ^  mon¬ 
key.  Both  the  0-10  and  0-11  monkeys  showed  leukopenic  changes  in  the  hemo¬ 
gram,  but  rebounded  prior  to  death.  Similarly,  both  had  terminal  elevation 
in  the  hematocrit.  Hematologic  values  arc  summarized  in  Table  III.  Additioi> 
ally,  alterations  in  blood  chemistry  values  included  early  elevation  in  blood 
glucose  in  both  the  O-IO  and  0-11  monkeys.  These  2  monkeys  demonstrated  ter¬ 
minal  elevation  in  lactic  dehydrogenase  (LDH)  values. 

Electrocardiographic  changes  were  numerous  in  the  o-lO  monkey  and  in¬ 
cluded  periods  of  both  tachycardia  and  bradycardia,  arrythmia,  altered  P  and 
T  waves,  marked  AV  dissociation  with  varying  degrees  of  heart  block  and  extra 
beats.  Similar  electrocardiographic  abnormalities  were  noted  in  the  monkey 
administered  0-11  toxin,  but  were  not  as  pronounced. 

Monkeys  given  0-10  and  0-11  toxins  were  necropsied  immediately  following 
death.  Significant  lesions  in  the  o-lO  monkey  included  tracheal  fluid,  edem¬ 
atous  lungs,  acute  hemorrhage  of  the  myocardium,  gastric  mucosa,  and  brain, 
and  moderate  congestion  of  all  tissues.  The  lesions  described  are  compatible 
with  those  observed  in  deaths  from  endotoxins.  The  immediate  cause  of  death 
appeared  to  be  acute  pulmonary  edema. 

In  addition  to  the  previously  described  lesions  noted  in  the  0-10  m.on- 
key,  the  O-ll  monkey  demonstrated  gastric  dilation,  subendocardial  hemorrhag'j, 
severe  peracute  infarction  of  the  loft  kidney,  edema  of  the  subraucosa  of  the 
stomach,  small  intestine  and  colon,  thrombosis  of  the  major  arteries  of  the 
lungs  and  kidney,  splenic  necrosis,  and  lymphoid  Ityperplasia  of  the  spleen. 
Cystic  dilations  in  the  mucosa  of  the  stomach  were  unique  in  the  patho iogi s t 
experience . 


■iABU;  II.  PHYSIOLOGIC  DALV  ON  4  MONKEYS  ADMINISTERED  DELTA,  ALPHA-10,  ALPHA-1]  TOXINS  AND  SALINE 


114 


fO  o 


CO  00 
ON  ON 


ON 


o 


rv 

On 


NO 

ON 


00 


ON 


CO 


oooooooo 

QOQOCNC^JONONO^ 

rH  ••  CN  <Ni 


otnoooooo 


qoooinoo 

'«00000‘^0 

r-lN0O00«<ff^f0f^ 


o  o  o  o 

ON  ON  ON 


O  O  NO 

n  fo 


'O  so  o 

U-J  00 

o  <t  o  o 

00  00  ON  i-< 


a; 

Pi 


CM 

p3 


g 

M 

H 


CO 

X 


a 

a 

*r^ 

ni 

CO 


s^  ^ 

«  • 

fH  IH 

o  o 


o  o 
00  00 


OJ  o 

m 


<*■ 

iH 

o 


o 

CO 


<N 

cn 


Vj- 

• 

O 


o 

00 


o 

n 


in 

« 

rH 

o 


o 

00 


o 


<r  NO 

o 

o 

o 

CO 

00 

CO 

00 

«N  O 

CN 

CN 

00 

CvJ  CM 

cn 

CN 

CN 

•H  iH 

rH 

r— 1 

iH 

cjo  m 

%\ 


o  m  m  o  m  o 

«-H  I— I  tNj  fO  ^  VD 


1*^  o  m  o  o 

sO  hs.  00  On  ON 


m  m  €s 

•  »  •  • 

rH  iH  rH  t-M 

o  o  o  o 


o  o  o  o 

00  00  00  CO 


o  m  o  m 

cn  CO  ro 


O  c  <}■  \i3 

oo  00  ON 

O  n£>  o  00 

CN  m  ViD  m 


fS  NO  (NJ 

-Cl  rH  e>j 


o 

OO 


o 


o 

CO 


o 

•<r 


CO 

•4* 


o 

i>H 

o 


o 

OO 


CN 

m 


CN 

ON 


o 

Ht 


IT-: 


115 


O' 


f-' 

NO 

A 

o 

• 

• 

• 

• 

o 

Ch 

rM 

00 

o 

o> 

On 

ON 

O  O  o  CM  ^ 

•  •  #  •  ♦ 

00  QO  OO  00  00 

ON  ^  cj^  o> 


o  o 
o  o 

<N  fN 


o  o  o  o 
O  o 

<N  C\i  Cvj 


m  LA  o  o  o  o  o 

CN  m  <J*  in 


CM  CSi 


'  <N  O  CNJ  *H 


O  ><J'  O  O  O  00 
®  OO  0\  00  fO  st 


o 

o 


sO 


O 

o 


O  CN 


O  O 


o 

<N 


<1- 

n 


o 

CM 


o 

vO 


CM 


O 

«M 


00 

n 


o 

CM 


CM 

N. 


C 

o 


OOOOOOOOO 

MTsTCMO^f'^CMsOs.D 

cm<ncmcmSS.-i 


X3 

U 

(d 

0) 

Q 


O  o  CM  O  O  O 

cn  n  CO  CO  4A  vO 


O  O  o  NO 

CM  CM  CM  CM  o  00  CM 

MfHfS^ONNO^OO 

vOf^VOrN.|MOCMrH 


tTi  OO  m5  Sl-  O 

•  •  •  t  • 

0>  On  0>  O  »«-l 
On  On  On  O  O 


VO  O 

•  • 

rH 

o  o 


o 

o 


o 

00 


o  o  o  o  o  o 
00  00  OO  00  ^  o 

T— <  *— f  f— )  CM  CM 


O 

O 

C^J 


o  o  o  o  o 

mJ*  O  O  -4-  O 

CM  CM  CM  CM  CM 


o  o 
00  00 


o  o 
00  00 


<  I 


o 

n 


m  LA  m  rs  CM  o 
CM  CA  CM  CM  fA 


CM 

CA 


vn  o  o  o  CM 

CA  CA  CA  cA  cA 


CM  O  O 

c^  CA  CM  CM 


O 

O 


Ml* 


o  o  O  o 

O  O  NO  O  CM  NO 

ON  rH  »-H  ON 

^ 

O  O  NO  NO  SO  vC 

Mf  CA  CA  A  CA 


O 

o 


o 

Ml* 


Ml*  o  o  o  o 
o  o  tH  o  o 


00  o  vO  NO  vO 
‘>3;  Mf  CA  CA  CN 

•H  i-H  r— <  P-t 


3  CM 


00  00 

o  o 


o  o 

Mf  NO 


CO  OO 
NO  LA 


NO 

NO 

CA  UA  O  tA  o  A  I 
CA  O 
NO 


O 

On 


^  W  M  I  4J  1 

^  ^  J  CM  CA 

^jcM  cM*rA<tNo’^’^'*‘'^ 


CM  < 


'■£>  OO 

CA  sd- 


CM 

r>. 


iuiiautdiitk 


164/100  23  180 


116 


TABUl  Ill.  HKMAT0I.0G1C  VALUES,  STAPHVLOCOCCAL  ALPHA  AND  DELTA  HEMOLYTIC 
TOXIN  STUDIES 


TIME 

WBC 

no./cu.  cm. 

HCT 

1 

Ciontrol 

A 

a-10 

a-11 

Control 

A 

a-10  a- 11 

c 

11,990 

16,900 

19,800 

9,350 

32 

38 

42  39 

5 

11,440 

8,580 

9,850 

3,000 

32 

38 

40  38 

15 

12,320 

9,000 

8,250 

2,500 

32 

38 

25  38 

30 

14,740 

7,150 

12,100 

4,180 

31 

38 

42  38 

60 

14,410 

2,750 

8,250 

4,290 

32 

38 

47  38 

90 

6,820 

12,000 

5,000 

36 

70  37 

hr 

2 

15,180 

11,700 

Dead 

5,500 

31 

35 

Dead  3  8 

2.5 

9,600 

9,680 

34 

38 

3 

9,790 

9,460 

10,350 

25 

32 

37 

4 

12,100 

12,430 

32 

36 

6 

14,630 

10,500 

13,860 

25 

31 

40 

+15 

H 

11,000 

52 

1  0 
i.  M 

10,450 

12,800 

Dead 

21 

30 

Dead 

24 

8,690 

11,100 

27 

28 

36 

6,710 

26 

48 

11,440 

9,240 

27 

24 

72 

11,000 

13,640 

27 

24 

Summary,  Part  II: 

Proliniinary  data  obtained  in  this  study  suggest  that  the  dosage  of  puri¬ 
fied  staphylococcal  d  toxin  employed  was  lethal  for  the  rhesus  monkey  and 
that  postmortem  lesions  were  compatible  with  those  seen  in  deaths  from  endo¬ 
toxins.  IV  administration  of  A  toxin  at  the  dosage  indicated  appeared  to 
have  no  adverse  effect. 

Additional  studies  employing  significant  numbers  of  rhesus  monkeys  are 
needed  to  fill  the  existing  void  in  data  collected  from  subhuman  primates  and 
to  better  elucidate  the  ^  vivo  mechanism  of  action  of  purified  samples  of 
staphylococcal  ct  toxin. 
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flOLY  OF  RKPORT 


Project  N’o.  1W6627 llAt}9fi !  Medical  Defense  Aspects  of  Biological  Agents  d') 

Task  Mo.  lW66271iA096  01:  Pathogenesis  of  Infection  of  MilitarN’  Importance 

Work  Unit  No.  096  01  801:  Mediators  o.f  Microbial  Toxin  Activity  in  BW 

Defense  Research 

.')v^^crJpt  ion: 

Evaluate  the  role  cf  liost  mediators  in  the  action  of  microBial  toxins. 


Progress : 

Research  into  the  role  played  by  bradykinin  in  the  action  of  microbial 
toxins  has  been  slowed  by  problems  encountered  in  the  radioimmunoassay 
technique.  The  major  problem  has  been  in  producing  a  suitable  bradykinin 
antiserum. 

Since  the  last  report,"  work  on  this  problem  ha.s  taken  the  following 
direction:  Two  additional  rabbits  were  immunized  with  antigen  previously 
prepared,  and  the  resulting  antisera  gave  no  improvement  in  binding  activity. 
Fresh  immunogen  was  prepared  and  injected  into  2  rabbits,  with  .similarly 
poor  results.  Gamma  globulin  fractions  were  isolated  from  previously 
harvested  antisera  in  the  hope  of  concentrating  the  antibodies,  but  the 
resultant  binding  activity  was  still  Inadequate,  A  close  examination  of 
all  antisera  data  up  to  that  point  show>’d  that  those  rabbits  immunized  with 
the  first  immunogen  prepared  in  this  laboratory  gave  the  be.st  binding 
activity,  Unforf  ,  ately,  tlie.se  were  rabbits  lost  because  of  a  thermostat 
malfunction  in  the  animal  chamber.  Batchcji  of  immunogen  prepared  after 
that  first  one  may  liave  contained  a  partially  (or  completely)  deteriorated 
bradykinin  molecule,  resulting  in  antibodies  wnich  would  not  bind  well  to 
l.ibeled  tyrosv  1-8-bradykinin. 

Therefore,  fresli  bradykinin  w.i.s  obtained  from  a  different  .supplier 
and  the  brtidykinin-ovalhumin  eoraplo.y  again  prepared  in  the  previous  manner. 
Upon  the  recommendation  of  Dr.  T.nlamo,  the  originator  of  iliis  a.s.say,  a 
dose  of  ni>)iroximately  15  mg  of  immunogen,  ns  compared  to  6  mg  i'revi<nis  1  v 
used,  was  administered  to  each  of  3  r.ibbits.  The  method  of  immunization 
was  also  altered.  Previously  the  entire  do.se  was  injected  into  tiic  toep.uis 
of  rabbits.  Tliis  time,  however,  the  rabbit's  back  was  .shaved,  the  dose 
divided  in  iialf,  and  2  seric.s  of  injections  given  suhcutaneou.s  ly  3  weeks 
apart . 
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At  thin  stage  of  the  research  an  ’ ^ ^I-labeled  bradykinln  product 
hecarae  c'ommerlcal ly  available  and  was  obtained.  Use  of  this  hapten  has 
improved  the  cliances  success  with  this  immunoassay,  since  It  Is  a 
more  standardized  product  than  the  one  we  tried  to  label  ourselves  and 
has  a  known  specific  activity, 

Antisera  were  collected  from  the  rabbits  immunized  by  the  newer 
method  and  larger  dose  and  tested  for  their  binding  capacity  with  the 
commerically-obtained  hapten.  Results  from  the  binding  studies  show 
that  the  antibody  response  from  the  newer  method  is  somewhat  better. 

,  tne  binding  capeity  must  still  be  greater  and  the  antisera 
dilated  further  before  the  assay  la  suitable. 

Therefore,  In  an  attempt  to  stimulate  further  antibody  response  in 
rabbits  previously  immunized  by  the  new  method,  a  3rd  series  of  sub- 
cutaneous  Injections  of  immunogen  was  given.  Antisera  were  collected 
8  weeks  later  and  analyzed  for  their  binding  capacity.  One  rabbit 
yielded  an  antiserum  wliich  could  be  diluted  20  times  and  still  give  a 
binding  capacity  above  700-800  counts.  This  antiserum  was  utilized  in 
the  assay  procedure,  and  standard  binding  inhibition  curves  were  derived 
using  the  linear  regression  method.  In  the  case  of  each  curve,  the  level 
of  significance  and  correlation  coefficient  gave  an  extremely  favorable 
verdict  (P  <  0.001)  as  to  the  line's  validity.  In  addition,  the  inhibition 
curves  was  very  reproducible, 

Consequently,  an  attempt  was  made  to  utilize  the  assay  procedure  in 
analyzing  the  bradykinln  concentration  in  processed  blood  from  a  rabbit. 

Four  random  samples  previously  collected  and  processed  were  chosen  and 
assayed  5  times. 


TABLE  I. 

BRADYKININ 

LEVELS  OF 

4  RANDOM  RABBIT  SERA. 

ng/ral 

PLASMA 

SAMPLE 

mean  + 

SEM 

Range 

I 

10.2  + 

2.7 

7.2  -  15.0 

II 

13.2  + 

10.8 

2.6  -  31.2 

III 

7.8  -t- 

3.4 

2,2  -  12.5 

IV 


8.8  +  5.3 


A. 8 


18.8 
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It  Is  plainly  t?vident  from  Table  I  that  the  assay  was  not  consistent  In 
its  ability  to  measure  constant  concentrations  of  bradykinln  in  the  same 
sample.  The  variation  between  samples  Is  not  unexpected,  since  plasma 
bradykinin  concentrations  is  dependent  on  a  variety  of  processes  and/or 
f.actors.  The  reasori(s)  why  the  assay  was  not  more  consistent  is  now 
being  explored.  It  is  expected  that  a  more  suitable  antiserum,  with  a 
much  greater  binding  capacity,  would  contribute  much  to  solving  this 
dilemma,  .^teps  are  still  being  taken  to  produce  such  an  antiserum. 

In  cooperation  with  LtC  Collins,  bradykinin  has  been  coupled  to 
hromacetyl  cellulose  and  used  to  immunize  a  goat.  However,  4-week  and 
7-week  antisera  have  failed  to  show  an  antibody  response, 

SuimTiary : 

Progress  is  being  made  in  producing  bradykinin  antiserum  of  greater 
binding  capacity.  Valid  and  reproducible  standard  binding  inhibition 
Curves  have  been  derived,  but  in  actual  practice,  the  precision  of  the 
assay  is  still  Inadequate. 
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23  (U)  Study  the  transport  and  localization  of  microbial  toxins  in  animal  tissues 
and  the  pathogenesis  of  the  corresponding  Intoxications.  This  work  unit  la  an 
essential  element  in  a  comprehensive  program  for  medical  defense  against  BW  agents. 

24  (U)  Use  an  In  vivo  Isotoplcally  labeled  enterotoxln  and  study  the  pharmacology 
utilizing  this  preparation. 

25  (U)  71  07  -  72  06  -  Isotoplcally  labeled  SEB  utilizing  tritium  resulted  In  a 
low  energy  label  which  was  difficult  to  demonstrate  by  radioautography  with 
exposure  times  of  less  than  3  months.  SEB  labeled  In  vivo  with  C-14  resulted 
In  a  marked  increase  In  energy  which  was  reflected  In  short  exposure  times 
necessary  for  radial  diffusion  Identification.  In  addition,  the  labeled  SEB 
could  be  measured  directly  by  scanning  electrophoretic  strips. 

Terminated  since  FY  1973  funding  will  be  under  The  Surgeon  General,  Army. 
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Study  transport  and  localization  of  microbial  toxins  in  animal  tissues 
and  the  pathogenesis  of  the  corresponding  intoxications. 


Progress : 

Various  jLn  vitro  labeled  staphylococcal  enterotoxin  B  (SEB)  preparations 
have  been  utilized  to  determine  the  dynamic  pharmacology  of  enterotoxin 
SEB  was  labeled  with  fluorescein,  peroxidase,  and  tritium. 

In  vitro  labels  separate  either  spontaneously  or  through  the  actions  of 
enzymes  when  these  in  vitro  labeled  toxins  are  tested  in  animals.  Fluorescein 
and  I'^ll  are  both  separated  almost  completely  when  the  toxin  is  administered 
via  the  gastrointestinal  tract.  Therefore,  the  in  vitro  labeled  toxin  has  in 
no  way  elucidated  toxin  adsorption,  distribution,  or  fate  by  this  route.  By 
the  intravenous  and  intrapulmonary  routes  a  similar  displacement  of  the  label 
occurs  and  most  measurements  have  been  made  utilizing  TCA  precipitation  as  an 
indication  of  that  portion  of  the  label  which  is  still. attached  to  SEB.  It 
has  been  demonstrated  by  all  routes  that  from  ^^^I  or  ^I  can  attach  vivo 
to  proteins  other  than  SEB.  Therefore  a  portion  of  the  TCA  precipitable 
activity  may  well  represent  free  125i  or  131l  which  has  attached  to  proteins 
other  than  the  toxin  and  previous  localization  studies  may  represent  either 
the  toxin  or  an  extraneous  protein. 

U.  S.  Armv  Biological  Laboratories^  demonstrated  an  lii  vivo  labeled  SEB 
with  the  Isotope  I'+C.  This  material  was  purified  by  the  method  of  Schantz 
et  al.^  and  the  activity  was  verified  by  immunological  and  toxicological 
methods . 


Tritium  labeled  SEB  was  prepared  by  adding  tritiatcd  protein  hydrolysate 
and  amino  acids  to  both  complete  and  partially  synthetic  media.  The  pro¬ 
duction  of  toxins  utilizing  isotoplcally  reagents  was  not  decreased.  The 
levels  of  incorporation  of  tritium  remained  low  and  exposure  times  for  auto¬ 
radiographs  were  at  least  3  months.  Though  specific  localization  of  ^H.SEB 
was  demonstrable  in  the  kidneys,  areas  with  smaller  amounts  could  not  be 
visualized.  The  highest  levels  of  tritium  incorporation  occurred  utilizing 
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;i  compli'ti.'  nu^dia  N-Z  Amliu'  +  1'/!.  yi'ust  i-xtracc)  au^nn’iitt-'d  by  isotoplcally 
la  bell'd  glutamic-  acid. 

Since  tritium  has  a  low  energy,  glutamic  incorporation  was  attempted 

Trapping  procedures  for  containment  of  thi‘  radioactive  CO2  generated  during 
incubation  resulted  in  diminution  in  amounts  of  SEB  produced.  The  ‘*C-SEB 
produced  had  an  activity  of  1  mCl/mg  which  was  a  higher  ratt'  of  incorporation 
than  had  been  achieved  with  tritium.  The  electrophoretic  strips  scanned  with 
a  gas  flow  radioactive  counter  revealed  isotope  counts  only  in  the  area  of 
SEB.  iricium  labeK-d  materia!  scanned  previously  could  not  be  Identified  due 
to  low  energy.  In  addition,  the  radioactivity  could  be  demonstrated  in  the 
in’jr.une  precipitate  with  radioautography. 

Preliminary  _iai  vivo  studies  utilizing  isolated  small  intestine  pouches 
to  determine  histological  differences  in  control,  noniramune,  and  immune 
animals  are  in  progress.  Initial  studies  were  accorapl i shed  utilizing  non- 
labcled  SEB  in  most  animal.s  and  one  animal  in  each  group  with  labeled  *^C-SEB 
Fluore.scein  labeled  SEB  was  also  utilized  in  one  animal  a.s  a  control  for  an 
in  vitro  labeled  SEB  type. 

Summary : 

A  labeled  SEB  ha.s  been  prepared  by  utilizing  a  complete  media  with  added 
^^C-giutamic  add.  'Thi.'!  material  has  a  high  specific  activity.  It  can  be 
readily  demon.strated  by  radioautography  and  i.s  to  be  utilized  in  i_n  vivo 
test  systems.- 
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Staphylococcus;  <U)  Lyaosomes;  (U)  Eneymes;  (U)  Pneumococcus: 
(U)  Pulmonary  endothelium;  (U)  Military  me5lclne!  (Ul  0  fever 

23  <U)  Study  the  subcellular  effects  of  microbial  toxins  and  other  Informational 
molecules  and  determine  the  role  of  lysosomal  enzymes  In  the  catabolism  of 
exogenous  proteins.  This  work  unit  Is  an  essential  element  In  a  comprehensive 
program  for  medical  defense  against  BW  agents. 

24  (U)  A  variety  of  techniques,  e.g. ,  fractionation,  electron  microscopy,  are 
used  to  study  subcellular  action  of  toxins. 

25  (U)  71  07  72  06  -  In  response  tj  pneumococcal  infection  rat  liver  endoplasmic 
reticulum  was  found  to  undergo  a  change  In  Its  biochemical  morphology:  a 
progressive  loss  of  cytoplasmic  catalase  and  peroxisomes  was  also  observed.  In 
tularemia  Infection,  only  endoplasmic  reticulum  changes  were  seen.  Techniques 
of  cellular  fractionation  were  applied  to  the  Isolation  and  purification  of 
Coxlella  burnetl  from  egg  yolk  sac  slurries.  A  100- fold  purification  was  achieved. 

Lysosomal  enzymes  were  capable  of  hydrolyzing  staphylococcal  enterotoxln  B 
at  acid  pH,  The  extent  and  pH  optimum  of  hydrolysis  was  shown  to  be  dependent  on 
the  extent  of  toxin  denaturatlon. 

Publications:  J.  Infect,  Dla.  124:372-378,  1971. 

Appl.  Microbiol,  23:  1972,  In  press. 
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wriscriptior. ; 

Study  the  subce.Llular  effects  of  microbial  toxins  and  informational 
n^olecules  anc  ceteraine  the  role  of  lysosomal  enzymes  in  the  catabolism 
of  exogenous  proteins. 

Progress,  Part  I; 

Enzymatic  and  physical  properties  oi  rat  liver  subcellular  organelles 
during  the  infectious  process  were  determined  by  zonal  centrifugation 
techniques.  Livers  from  tets,  i-oculated  8-48  hr  previously  with  10^ 
Diplococcus  pneumoniae  or  10’  Franclsella  tularensls ,  were  homogenized  . 
and  subjected  to  isopycnic  centrifugation  in  a  Spinco  B  XIV  zonal  rotor. 
Thirty-three  zonal  fractions  were  obtained  and  analyzed  for  protein,  RNA 
and  6  enzyme  markers  of  mitochondria,  lysosomes  and  peroxisomes.  A 
computer  program  was  developed  to  calculate  and  represent  enzymatic 
activities  in  the  form  of  standardized  equilibrium  density  distribution 
patterns . 

The  quilibrium  density  distribution  patterns  of  cytochrome  oxidase 
indicated  that  progressive  degeneration  of  mitochondrial  structural 
integrity  occurred  during  the  course  of  pneumococcal  infection.  Activity 
of  peroxisomal  markers,  catalase  and  urate  oxidase,  were  reduced  by  82 
and  76%  respectively  during  more  advanced  stages  of  pneumococcal  infection, 
and  were  accompaniea  by  a  substantial  increase  in  mean  eq\illibr±um  density 
of  peroxisomal  particles.  The  activity  and  distribution  of  particle-bound 
cathepsin  D,  acid  phosphatase,  and  B-glucuronidase  (6-gluc)  were  not 
significantly  different  from  controls.  However,  a  moderate  increase  in 
soluble  activicy  of  lysosomal  enzymes  was  observed  in  experimental  animals, 
suggesting  that  in  the  pneumococcus-infected  animals,  lysosomes  may  be 
larger,  thus  more  susceptible  to  rupture  during  homogenization  of  the  tissue. 

Tne  distribution  pattern  of  6-gluc  demonstrated  the  presence  of  a  minor 
sedimentable  component  with  a  non-Iysosomal  localization.  The  equilibrium 
density  of  this  com.ponent  was  approximately  1.14  and  coincided  with  the 
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localization  of  the  endoplasmic  reticulum  (ER)  marker,  glucose-6- 
phosphatase,  This  observation  supported  the  known  dual  localization 
of  g-gluc  in  hepatic  cells. ^  A  loss  in  ER-assoclated  E-gluc  was 
observed  during  advanced  stages  of  pneumococcal  Infection.  This  finding 
suggests  that  the  biochemical  morphology  of  ER  in  hepatocytes  is  altered 
during  infection  and  that  these  changes  may  signify  a  reorganization  of 
liver  ER  and  protein  synthesizing  machinery  specifically  for  synthesis 
of  serum  glycoproteins^  rather  than  cellular  proteins. 


In  contrast  to  pneumococcal  infection,  tularemia  infection  was 
•.'...irkc.c  by  sujtalned  rapid  loss  of  ER  0-gluc  and  transient  changes  in 
the  physical-chemical  properties  of  mitochondria  and  peroxisomes. 


These  data  demonstrate  that  tissue  fractionation  and  zonal 
ultracentrifugation  techniques  can  be  employed  to  evaluate  cellular 
responses  and  thereby  obtain  further  information  regarding  pathogenesis 
c£  infection. 


Summary,  Part  I: 

Fractionation  of  pneumococcal  and  tularemia  infected  rat  liver  by  zonal 
centrifugation  techniques  demonstrated  alterations  in  the  biochemical 
morphology  of  cellular  organelles.  The  most  significant  changes  observed 
in  pneumococcal  infection  were  delayed  loss  in  0-gluc  activity  and 
endoplasmic  reticulum  and  progressive  loss  of  cytoplasmic  catalase  and 
peroxisomal  particles.  In  tularemia  Infected  animals  there  was  a  sustained 
rapid  loss  of  endoplasmic  reticulum  0-gluc  and  a  moderate  but  transient 
decrease  in  peroxisomal  enzymes. 

Progress,  Part  II ; 

A  formalin  killed,  Henzerling,  phase  II,  Q  fever  liquid  vaccine  was 
subjected  to  density  gradient  fractionation  in  a  B  XIV  zonal  rotor.  Two 
fractions,  with  equilibrium  density  values  of  1.24  and  1.28,  were  found  to 
contain  Coxlella  burneti  organisms.  Electron  micrographs  of  these  fractions 
showed  that  organisms  in  the  lighter  density  fraction  were  oval  shaped  with 
prominent  nucleoids  and  thick  cell  walls.  The  heavier  fraction  was 
composed  primarily  of  round  organisms  without  prominent  nucleoids  or  thick 
cell  v’alls.  These  findings  suggest  that  the  2  populations  of  organisms 
represent  different  pleomorphic  forms  of  C.  burneti.  However,  the 
possibility  cannot  be  ruled  out  that  chemical  modification  during 
production  of  the  original  liquid  vaccine  altered  the  morphological 
characteristics  of  the  denser  organisms. 

Both  fractions  that  contained  organisms  were  judged  free  of 
contaminating  egg  yolk  sac  materials  by  electron  microscopy  and  the 
complement  fixation  test  against  anti-egg  yolk  sac  sera.  That  quantity  of 
protein  in  the  lower  density  C,  burneti  fraction  v/hich  protected  50%  of 
guinea  pigs  against  a  live  challenge  of  C.  burneti  was  found  to  be  0.16  yg 
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;is  compared  to  1.601  Wg  for  the  original  liquid  vaccine.  Fractior ation 
of  2  L  of  liquid  vaccine  yielded  approximately  600  ml  of  purified 
organisms  with  a  protein  concentration  of  120  pg/ml,  representing  a  total 
protein  yield  of  1.98%. 


Summary.  Part  II; 

Purification  by  isopycnlc  zonal  centrifugation  of  large  quantities  of 
inactivated,  phase  II,  £.  burneti  for  use  as  diagnostic  antigen  and  as  a 
vaccine  is  described.  Fractionation  of  egg  yolk  sac  derived  C.  burneti 
vaccine  resulted  in  the  separation  of  2  distinct  populations  of  organisms 
each  devoid  of  microscopically  and  serologically  recognizable  components 
of  egg  yolk  sac.  One  population  of  organisms,  characterized  by  an 
equilibrium  density  of  1.24,  was  rod  shaped  with  a  thick,  densely-stained 
wall  and  prominent  central  body.  The  2nd  population,  with  an 
equilibrium  density  of  1.28,  had  a  coccobacillary  shape,  thin  cellular 
walls  and  lacked  a  prominent  nucleoid. 


Progress.  Part  III: 

Studies  concerning  hydrolysis  of  staphylococcal  enterotoxln  B  (SEB) 
by  lysosomal  enzymes  vitro  were  continued.  Hydrolysis  of  SEB  Iji  vitro 
was  monitored  by  determining  the  release  of  TCA  Insoluble  tagged 

peptides  and  amino  acids.  lodlnation  of  SEB  was  accomplished  by  the 
recently  developed  enzymatic  method  of  Morrison  and  Hultquist,^  which 
employs  bovine  lactoperoxidase  isolated  from  raw  milk. 


SEB  was  iodinated  by  mixing  500  ul  of  SEB  (3  mg/ml),  which  had  been 
dialyzed  against  0.05  M  phosphate  buffer,  pH  7.2,  with  5  mCl  ^^^I  and  25  Pg 
lactoperoxidase.  The  lodlnation  reaction  was  initiated  by  addition  of 
50  ul  of  2.5  mK  H2O2  and  at  the  end  of  1-2  hr  the  reaction  mixture  was 
dialyzed  against  cold  buffer  to  remove  unreacted  ^25x,  lodlnation 
efficiency  of  99%  was  obtained  for  SEB.  Rabbit  YG  immunoglobulins  were 
enzymatically  iodinated  with  an  efficiency  of  93%  and  a  specific  activity 
greater  than  3  uCl/ug  protein.  Acetate  strip  electrophoresis  of 
enzymatically  iodinated  SF,B  or  YG  failed  to  demonstrate  any  evidence  of 
denaturatlon.  Both  proteins  formed  precipitin  lines  with  specific  antisera 
using  the  Ouchterlony  technique. 


A  substantial  release  of  observed  when  iodinated  SEB  was 

incubated  at  pH  2.5  with  liver,  kidney  and  peritoneal  exudate  cell 
homogenates,  as  well  as  a  purified  liver  lysosome  extract.  The  amount 
of  released  at  pH  3.5  and  4.4  was  substantially  lower  (Table  I). 

The  ability  of  SEB  to  bind  with  specific,  antisera  was  lost  after  digestion 
at  pH  2.5  but  not  3.5  or  4.4 
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TABLE  I.  HYDROLYSIS  OF  SEB-^^^1  BY  LYSOSOMAL  CATHEPSINS. 


SEE  TREbkTMEN'T 

%  125, a/ 

BY  SOURCE  OF 

LYSOSOMAL 

ENZYMES 

Liver 

Trltosome 

ractk' 

Kidney  G.F.£/ 

Liver 

G.F.  PMN  G.F. 

Exti 

Trace  Labelled 

2.5^7 

55 

40 

59 

49 

pH  3.5 

26 

20 

19 

16 

4.4  , 

13 

14 

13 

6 

7.31/ 

“ 

— 

" 

4 

Formic  Acid  Oxidized 

2.5 

92 

86 

84 

pH  3.5 

80 

96 

89 

4.4 

87 

93 

90 

100  C  for  60  Kin 

2.5 

10 

27 

32 

46 

pH  3.5 

45 

63 

35 

64 

4.4 

44 

80 

44 

76 

7.5 

““ 

— 

32 

Extensively  lodlnaced 

2.5 

11 

10 

12 

pH  3.5 

11 

10 

14 

4.4 

9 

14 

8 

7.5 

— 

... 

10 

Chloramine-T  lodinated 

2.5 

10 

11 

5 
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a.  I  released  into  a  soluble  b%  TCA  supernatant  after  24  hr  incubatiur. 


b.  Liver  lysosomes  isolated  after  Triton  WR-1339  Injestion  by  the  method 
of  Troueti^  Sonified  saline  extracted  lysosomal  protein  composed  10% 
of  the  total  protein  in  the  incubation  mixture. 

c.  Large  granule  fruition  isolated  by  differential  centrifugation  of 
homogenate.  G.F.  was  incubated  with  toxin  at  a  protein  to  protein  ratio 
of  2:1. 

d.  Citrate  buffer  O.i  M  containing  0.01  M  cysteine, 
u.  Phosphate  buffer  0.1  M  containing  1.0  M  KCL. 
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The  pH  optima  for  SEB  hydrolysis  was  found  to  he  between  2.75  and 
3.0.  Hydrolysis  was  more  effective  In  citrate  buifer  than  glycine-HCl 
or  acetate  buffer.  In  the  presence  of  iodoacetamide,  the  pH  optima 
for  hydrolysis  of  SEB  shifted  slightly  to  a  lower  value.  Cysteine 
(0.001  M)  increased  the  extent  of  hydrolysis  nearly  2-fold. 

In  contrast  to  trace  labeled  SEB,  toxin  oxidized  with  formic  acid 
was  more  extensively  digested  by  purified  lysosomes  and  kidney  homogenates. 
SEB  iodinated  by  the  chloramine-T  method  and  heavily  iodinated  SEB  were 
less  susceptible  to  lysosomal  hydrolysis.  The  latter  SEB  derivative, 
formed  by  additional  enzymatic  iodination  of  trace  labeled  SEB  in  the 
prusence  of  0.001  M  KI  for  12-24  hr  as  described  by  Agner,^  resulted  in 
a  yellow  produce  which  was  electrophoretically  distinct  from  native  or 
trace  labeled  SEB,  and  did  not  react  with  specific  antisera.  SEB  heated 
at  100  C  for  60  min,  on  the  other  hand,  was  more  extensively  digested  at 
pH  4.4  and  3.5  than  in  pH  2.5. 

These  results  Indicate  that  lysosomal  cathepsins  are  capable  of 
hydrolysing  SEB  at  an  acid  pH.  Cathepsin  D  and  probably  cathepsln  C  are 
primarily  responsible  for  the  hydrolysis  of  the  toxin.  Susceptibility  of 
the  toxin  to  hydrolysis  seems  dependent  on  the  conformational  state  of  the 
molecule,  since  native  toxin  is  hydrolyzed  almost  exclusively  at  pH  2.5, 
while  heat-denatured  or  oxidized  derivatives  are  appreciably  digested  at 
pH  4.4,  a  value  which  more  reasonably  approaches  the  intralysosomal  pH. 

These  results  support  the  hypothesis  that  certain  proteins  and  microbial 
protein  toxins  must  be  "denatured"  prior  to  hydrolysis  by  lysosomal 
hydrolases  within  tlie  vacuolar  system  of  intact  cel Is. ^ 

Summary,  Part  III: 

Lysosomal  cathepsins  were  capable  of  hydrolysing  SEB  at  acid  pH. 
Hydrolysis  occurred  most  readily  at  pH  2.75  -  3.0,  were  enhanced  by 
cysteine  and  unaffected  by  iodoacetamide.  Heavll>  iodinated  SEB  was  found 
to  be  less  susceptible  to  digestion  while  heat-denatured  and  oxidized  toxin 
were  readily  hydrolyzed  at  pH  4.4. 

Presentations : 
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Subjects  In  both  groups  exhibited  a  secondary  antibody  response  with 
mean  LNI  of  2.6  in  Group  1  and  2.3  in  Group  11.  All  individuals  in 
Group  I  had  LNI  ^1.8.  Two  subjects  failed  to  achieve  significant 
neutralizing  antibody  in  Group  II.  The  mean  LNI  42  days  after  the  booster 
dose  of  vaccine  was  2.3  in  both  groups. 

Summary ,  Part  I ; 

.■u'.  EEK  vaccine  produced  by  the  Merrell-National  Laboratories, 
iw..:. ..wati.r ,  Pa.  utilizing  large  scale  production  methods  has  been  admin- 

i.'jLcrad  CO  a  limited  number  of  subjects.  It  has  been  found  to  be  of  low 
x'aactogenicity  when  administered  subcutaneously  in  2  different  doses  28 
days  apart.  Significant  neutralizing  antibody  developed  in  the  majority 
of  subjects  14  days  after  the  second  dose  of  vaccine.  A  booster  dose  on 
day  180  elicited  a  secondary  response  in  the  majority  of  subjects. 

Progress,  Part  II: 

Clinical  and  Laboratory  Evaluation  of  Repeated  Immunizations  in  Man: 
Immunization  has  become  an  accepted  method  to  prevent  infection  in  man. 

With  the  exception  of  local  and  systemic  reactions  following  the  adminis¬ 
tration  of  a  vaccine,  few  other  adverse  effects  to  vaccination  have  been 
clearly  defined  in  man.  Amyloidosis  has  been  reported  as  a  complication^ 

In  experimental  animals  receiving  frequent  and  large  amounts  of  antigen. 

To  determine  whether  frequent  and  repeated  immunizations  are  associated  with 
adverse  effects  in  man,  a  study  was  initiated  in  1958  in  99  individuals  at 
Fort  Detrick  who  were  receiving  a  variety  of  antigens  for  an  extended  period 
of  time.^  Seventy-seven  of  the  original  99  subjects  were  re-studied  in  a 
similar  manner  in  1964.^  No  evidence  of  clinical  illness  was  found  in 
subjects  in  either  study  which  might  be  attributed  to  immunization. 

However  several  unexplained  laboratory  deviations  were  noted  as  follows: 

1.  High  Incidence  of  lymphocytosis. 

2.  An  abnormal  serum  protein  electrophoretic  pattern  in  some  of  the 
subjects  characterized  by  poor  .separation  of  alplia-2  and  beta-globulin 
fractions . 

3.  Elevated  serum  bexosaralnes. 

4.  Unexplained  abnormalities  of  liver  and  renal  function. 

5.  A  high  incidence  of  scrum  anttgarama  globulin  activity. 
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No  conclusive  evidence  was  presented  that  these  abnormalities  represented 
adverse  effects  of  intensive  immunization. 

The  study  to  be  described  represents  a  25-year  follow-up  evaluation 
of  the  99  individuals.  Eleven  had  died;  11  have  not  yet  been  seen;  the 
77  other  subjects  had  received  an  average  of  ICO  ml  of  antigen  and  over 
40  skin  tests  each  since  1946. 

Each  individual  was  studied  with  a  complete  history,  physical 
^;x.i;v.ination,  chest  x-ray  and  electrocardiogram.  Blood  was  obtained 
ii'ou  eacli  subject  for  the  following  laboratory  studies:  white  blood 
cell,  differential,  platelet  count,  hematocrit,  partial  thromboplastin 
and  prothrombin  time,  leucocyte  alkaline  phosphatase  stain  of  peripheral 
blood  smear,  lupus  erythematosls  cell  preparation,  sodium,  potassium, 
chloride,  copper,  zinc,  iron,  calcium,  phosphate,  creatinine,  uric  acid, 
SCOT,  alkaline  phosphatase,  bilirubin  direct  and  indirect,  cholesterol, 
triglycerides,  free  fatty  acids,  blood  urea  nitrogen,  phosphates,  venereal 
disease  research  laboratory  test  (VDRL) ,  serum  hexosamlne,  antinuclear 
antibody,  rheumatoid  latex  factor,  serum  protein  and  lipoprotein  electro¬ 
phoresis,  IgO,  IgM,  IgA,  IgD,  Kappa  and  Lamba  light  chains,  C'3  and 
lymphocyte  stimulation  studies.  In  addition,  24  urine  specimens’ were 
obtained  from  each  subject  for  creatinine,  protein  and  immunoglobulin 
determinations.  The  results  were  compared  with  25  control  subjects  from 
Fort  Detrlck. 

Although  the  studies  on  these  subjects  are  in  progress,  preliminary 
data  indicate  that  no  clinical  illnesse.s  have  been  detected  that  might  be 
attributed  to  immunization.  The  previously  noted  laboratory  observations 
of  lymphocytosis,  proteinuria  and  alterations  in  the  serum  protein 
electrophoretic  pattern  were  not  detected  In  the  present  study.  Some 
individuals  continue  to  manifest  abnormal  liver  function  studies  and 
elevations  of  serum  hexosamine.  The  significance,  of  these  laboratory 
deviations  are  not  known.  Serum  and  urine  immunoglobulin  values  did  not 
differ  from  control  subji^cts. 

Summary,  Part  II: 

A  25-year  clinical  and  laboratory  follow-up  study  was  conducted  in 
77  Subjects  who  had  received  frequent  special  immunizations.  Although 
studies  are  still  in  progress  no  clinical  Illnesses  were  found  that  could 
be  attributed  to  intensive  immunization.  Liver  function  studies  and 
serum  hexosamines  were  found  to  be  elevated  in  some  of  the  vaccinees  and 
remain  unexplained.  Lymphocytosis,  abnormal  serum  protein  electrophoretic 
patterns  and  proteinuria  noted  in  previous  studies  were  not  detected  in 
the  present  study. 
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23  (U)  Determine  the  feasibility  of  combining  various  immunizing  antigens  and 
establish  the  compatibility,  optimal  dose,  best  schedule  for  administration,  and 
efficacy  of  comblnat- jns.  This  work  unit  Is  an  essential  element  in  a  comprehensive 
program  for  medical  defense  against  BW  agents. 

24  (U)  Various  antigens  will  be  mixed  in  a  variety  of  proportions  and  given  to 
experimental  animals  for  challenge  studies.  Promising  combinations  will  be 
tested  further  and  eventually  may  be  tested  in  volunteers. 

25  (U)  71  07  -  72  06  -  Simultaneous  Immunization  of  guinea  pigs  with  an  Inactivated 
pcntavalent  vaccine,  containing  killed  EEE,  WEE,  CHIK,  RVF  and  Q,  neither  enhanced 
nor  suppressed  Immunogenic  responses  to  living,  attenuated  VEE  (TC-83)  or  tularemia 
vaccines.  Serological  responses  to  WEE  and  EEE  components  of  the  pentavalent 
vaccine  appeared  to  b.;  suppressed  by  simultaneous  imraurlzat  ion  with  TC-81  vaccine. 
However,  serological  response  to  the  Q  fever  vaccine  component  of  tlie  pentavalent 
preparation  was  enhanced  by  Immunization  with  TC-83  vaccine. 

Terminated  since  FY  1973  funding  will  be  under  The  Surgeon  General,  Army. 
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ProKresii : 


It  was  previous  l.v  observed  that  formalin- ’..uiift  i  voted  vaci.inos  for 
hastern  and  Western  equine  encephalitis  (Elii'  and  '■•■'Kl:),  Oiilkungunva  (i.IhlK; , 
Rift  Valley  (RVF)  and  Q  Fever  (0)  retained  their  it.nunnpenlc  properties 
after  combination  into  a  pentavalent  product.*  'lliose  studies  have  been 
oapanded  to  investiaate  the  fea.sibll  ity  and  efficacy  of  .siimiic.nu’io'us 
immunisation  of  'riart.Jey  strain  guinea  pigs  wlt.i  the  peni.aval ent  preparatior. 
and  the  living,  attenuated  vaccine  for  tularemia  (lA’S  waccinc)  and/or  for 
Venezuelan  equtne  encephalomyel  i  ti.s  (VEF,  vaccine  strain  .  Other 

workers  have  s'r.own  chat  TC  -83  vaccine  administered  alonf  or  sin:u]  taneously 
with  LVS  vaccine  produced  no  adver.-.e  reaction  -n  guinea  pip.-s  and  protects 
them  against  c'r, al  It-t.ge  with  virulent  Trinidad  strati. s  of  VEi-',  -.vi'.ereas 
LVS  vaccine,  or  ti.e  li'S-VLE  varcine  treatment  ..erely  indUativd  an  altered 
state  of  res  i st.ince  ,  as  indicated  by  pro]ong..it  i.ai  .-.urvi .  ;  time,  but  die 

not  protect  a,i.;..ir.si  fatui  ir.iecClon  vitii  virulc.it  ■■'ranc  i  so :  . ..  tularcn  "Is, 
strain  SCHI'-SA.- 

On  day  0,  ./tie  group  .a'  guinea  pigs  was  iruun;::.-'  viir  i ''  \  n  ic.,-,  a 

2nd  gr..’uc  with  TCi-oT  vaccine,  io-.i  a  'tre  grc',.p  ■.  ilu  (i^th  '...cn-Lr 
admini  stereu  sirr.uLt...ioously ,  i  r -"am  i  cat  i  on  .vf  ;  .uid  :  t  i ..  na  1  .  ;  a 
carve:, ponded:  t:o  tha.v  of  t'.ie  first  ,  cscep't  t;...i  puatavaicn'.  tcine  w,.;; 
administereu  .ihiul  t.aieously  wctii  at  tenuuteii  v.iU'’ :  no.  ( s }  ur.  day  0  and  a 
2ne  dose  .-  t  pentavt  lent  v.'.ccLce  w-i;.  „iv6oi  on  ciav  2.3.  i.\'S  \mcc  ir.c  ,it 

do.sage  of  2.2  10”  vi.a.ble  cell.s  va.s  :i  r.  J  ec  ce-i  r. aineo.is  1  v  iSi  )  lu  r:',c 

groin  area;  .C-o  vaccine,  at  a  clissage  ecui  valu-v.  i  to  1  i.umap  Jn.s.  ,  u\..s 
icorulateu  in.;;apd:'*:.oiiejl;  Iv  (rp)  t^n  one  sice  c:  tcc  ,:b.b  as:;  .u;.;  ;  t.i  of 
pen  t  ;iva  1  i.n  t  ■••.ic.'ir.e  Isotonic  ic  br.dv  fluids,  ;r'''  ae-.  1:  a,  :,o.i  c o  1 1  e 

.;;de  c;  t!ie  ..’nd.ir.er, .  'fhe  i  n  ;ect  do.su  <'u'  ;  cu.',  ..-ut  p  :'o;  on  ■  ta  i  ..i- 2 

20  ......note.  .v.a;an  ;  v.  L  raperi  t  cneal  e;fectici;  f.  'i:, of  ..Iw. 

'.aicc  1  .'1 ,  '.0  .I.,.;-.'..;  ti.'V  iPi'h^f  of  vacrire,  20  irf.'/t,-,  a' :  dn.K  'acL'inu 


;i;k1  20  guine.i  pig  oi  Q  Viiccine.  Imrauniiied  ar.d  iiiiu'nmune  contrul 

guLni:,'.  pigs  werid  chaileugiid  on  day  with  iDO  rijuso  11’  Ipr.hnl  Josos  o! 
Irinidad  titr.iin  VEE,  with  100  viable  eells  of  strain  SCi,;'-S4  of 
r,  tula  reps  is ,  or  with  10^  viable  cells  of  the  attenu.itfcd  strain  425  of 
i'.  tuiarensls. 


Thirty-four  of  35  guinea  pigs  immunizeci  with  TC-83  vaccine,  alone  or 
sii'iultaneous ly  with  other  vaccines,  survived  an  11’  cn/illeiige  with  liigl.ly 
virulent  Trinidad  strain  of  VEE  at  a  dose  lethal  lor  all  iicnin'.raune  coiuii  i 
ani.T.als  (Table  I).  Immunization  with  LVS  vaccine  protected  guinea  pigs 
,  .  .  ;  t  . .  a:  illerce  with  strain  425,  a  tularet.in  strair  ol 

..  .  ^  L..U.  e ,  w.nd  e..fettcd  significant  prolong',  tior.  of  sarviv..!  ti::.e 

ol  .o-.i:;.!*  s  challenged  SC  with  highly  virulent  tu.lare'.r.ia . 


I.  PKOlECTlVu  ElFICAty  OF  VEMKEUELAls  EQIIN;:  lllCi.I’.lAh  1 T  1 S 
TC-83  VACCIoE  ANO  TULAREMIA  LVS  VACUINE  AnMlNlSTKK.l' 
SIMULllTMLOeShV  ,aTll  OK  WITHOUT  PLMAVALLMT  VAC-UI:.');  (PV)  . 


CHALLENGE  ORGANISM 


i.tKOLi'P 

Trinidad  Strain 

Tularemia 

S  t  ruin 

VEE 

425 

schIT-'sT 

P/T- 

P/T 

P/T 

MTTU^-'  ■ 
days _ 

PV  4-  TC-83 

in 

... 

— 

— 

PV  +  LVS 

— 

15/15 

1/15 

2  3 

+  3.5 

PV  +  j'C-83  + 

LVS  9/9 

10/10 

1/9 

•;  •  ) 

+  2 .  3 

ru-S3 

10/10 

— 

— 

-- 

LVS 

— 

13/14 

C/13 

2  i 

+  2.8 

10-83  +  LVS 

8/9 

14/14 

4  / !  4 

2h 

+  3.6 

UniiTjnunized 

on 

3/17 

0/12 

tj 

+  0.2 

a.  P/T  =  ProLected/Total. 

b.  MTTD  =  Mean  time  to  death  +  SEM. 


Serum  samples 
i.r. ir.al.s  on  day  -3 
.  r OR.  survivors  of 


were  collected  for  serolcgical  evaluation  fro:  all 

and  day  38,  fron.  survivors  of  VLL  op.a  1 1  er.ge  i);i  .ay  oui 

culotrer.i.j  challenge  on  day  102.  Only  'pre  i  i;i:in.irv  data 
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I'iui  bi'  reported  at  this  time.  I'reimmunlzatlon  sera  had  no  dotoctablv 
antibodies  for  VEE;  hemagglutination  inhibition  (HI)  titers  were 
and  tularemia  agglutinin  titers  <1:10.  Except  for  h  animals  in  the  ntinip 
that  received  the  1.VS-TC--83  vaccine  treatment .  a  good  VEE  antibody  ti'spon.so 
developed  following  TC-83  immunization  (Table  II).  The  n  retraoUny 
animals,  members  of  a  group  in  which  some  guinea  pJgs  inadvertaiu  1 y 
received  0.01  human  dose  (rather  tiuin  1  human  dose)  of  T(l-8  3  vaccine,  liad 
prechallenge  HI  titers  <1:10,  but  5  of  the  6  survived  challenge.  The 
reciprocal  geometric  mean  titer  (GM1‘)  for  the  other  4  member.s  of  the  gron; 
was  760,  a  value  compatible  with  that  of  other  TC-83  immunized  group;:. 
Anticoiiy  response  to  tularemia  immunization  was  essentially  the  .same  for 
u rl  groups . 


TABLE  II.  RECIPROCAL  GEOMETRIC  MEAM  TITERS  OF  PRE(;HALLENT;E  SEIL\  FROM 

GROUPS  OF  GUINEA  PIGS  IMMUNIZED  WITH  TC-Bl  ANU/OK  LV  S  VACUlNi:, 
ALONE  OR  SIML’LTANEOUSLY  WITH  PENTAVALENT  VACCINE  (PV)  . 


PRECHALLENGE  VALUES 

FOR  CHALLENGE  GROUP 

IMMUNIZATION- 

Trinidad 

425 

S(:hu-s4 

GROUP 

VEE  titer 

HI 

Tularemia 
agglutinin  titer 

PV  +  TC-83 

830 

- 

- 

PV  +  LVS 

- 

175 

211 

PV  +  TC-83  +  LVS 

1880 

197 

160 

TC-83 

933 

- 

- 

LVS 

- 

201 

150 

TC-83  +  LVS 

37 

150 

175 

Antibody  response  to  4  of  5  components  cf  the  pentavalent  prepaLation 
was  also  evaluated  (Table  III).  Simultaneous  immunization  with  live  lA'b 
vaccine  did  not  affect  the  responses  to  any  of  the  4  components. 
Simultaneous  immunization  with  living  TC-83  vaccine  appeared  to  suiipress 
WEE  and  EEE  responses  but  enhanced  response  to  Q  vaccine. 
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TAlil.L'  111.  KKCIPKOCAL  GEOMMTKIC  ME^N  TITEIIS  7  DAYS  AKTKK  THIC  2ND 

INJECTION  01'  PENTAVALENT  VACCINE  (PV)  iYL'MIN  ISTEKEU  ALONE 
OK  IN  COMlilNATION  WITH  Tc:-63  AND/OH  LVS  VAotllNE. 


IMMUNIZATION 

CROUP 

HI 

MEAN  TITEK-'^ 

Complement 

1’i.xaLion 

WEE 

EEE 

RVF 

Q 

2540 

930 

2.5 

7.6 

f\’  T  .'C-o3 

ov7 

128 

2.4 

23.0 

PV  +  LVS 

1222 

1469 

1.4 

3.2 

PV  +  TC-83  +  LVS 

1483 

1888 

1.5 

14.0 

a.  Teat  antigens:  WEE  -  Formalin-inactivated  Western  equine  encephalitis 

virus 

EEE  -  Formalin-inactivated  Eastern  equine  encephalitis 
virus 

RVF  -  Formalin-inactivated  Kift  Valley  Fever  virus 
Q  -  Formalin-inactivated  Q  fever,  phase  II 


It  is  obvious  that  serological  techniques  employed  to  measure  Immoral 
antibody  were  Ineffective  for  evaluating  protection  conferred  by 
immunization  with  live  attenuated  vaccines.  Guinea  pigs  lacking  HI  antibody 
were  resistant  to  challenge  with  VEE  and  most  animals  with  tularemia 
agglutinins  succumbed  to  challenge  with  virulent  tularemia  strain  bCliU-b-i . 

It  is  difficult  to  assess  the  significance  of  resistance  to  challenj^c 
with,  tularemia  strain  425.  Mechanisms  for  establishing  infection  are 
probably  quite  different  from  attenuated  and  fully  virulent  strains,  .is 
is  suggested  by  the  numbers  of  bacteria  required  to  produce  fatal  intections. 
Attenuated  org;jnisms  may  exert  their  effect  by  accumulation  of  oudotoxin-- 
like  products;  their  ability  to  invade  cells  of  the  host  may  he  blockcii  or 
delayed;  or  their  somatic  or  soluble  products  may  provoke  an  accelerated 
host  defense  response.  In  any  event,  some  modification  of  their  ir.fectiou.s 
properties  is  advantageous  to  the  host  and  permits  effective  utiiic.-Jtion  of 
specific  and  nonspecific  mechanisms  of  resistance. 
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humi'iiary : 

Simultaneous  immunization  of  guinea  pigs  with  pcntavalent  vaccin'i 
neither  enhanced  nor  suppressed  immunogenic  responses  to  living  attenuated 
viral  and/or  bacterial  vaccines.  Serological  responses  to  WilFi  and  lilE 
components  of  the  pentavalent  vaccine  appeared  to  be  suppressed  by 
simultaneous  immunization  with  TC-83  vaccine.  However,  serological 
response  to  the  Q  Fever  vaccine  component  of  the  pentavalent  preparation 
was  enhanced  by  Imniunization  with  TC-83  vaccine. 


1.  ianoicico,  P.  G.,  M.  J.  Van  Zwieten  anc  W,  A.  Christmas.  1972. 

;  u-'i.:icac..i.on  of  large  quantities  of  Coxiella  bar  net  I  by  density  gradient 
.,onal  centriiugacion.  Appl.  Microbiol.  23.  In  press. 
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Thu  peak,  peptide  and/or  amino  acids,  demonjjtrated  no  activity. 
Results  are  shown  in  Table  1. 

TABLli  1.  HEMAGGLUTINATION- INHIBITION  (111)  AND  COMPLEMKNT  FIXATION  (CF) 
RESPONSES  IN  RABBITS  IMMUNIZED  WITH  EEE  VIRUS  VACCINE. 


ANIMAL 

XU;-!3Ek 

DAY 

Al'TEP. 

WHOLE  SERUM  RECIPROCAL 
ANTIBODY  TITER 

HI  ACTIVIIT  (UNITS /ral)'- 
CHROMATOCRAPHY  PEAK 

DO 

HI 

CF 

1st  Pe."k 

2nd  Peak 

0 

<20 

8 

135 

56 

44 

7 

20 

32 

67 

151 

14 

SO 

64 

123 

646 

28 

40 

32 

30A 

884 

42 

80 

32 

17b 

550 

135 

160 

4 

688 

365 

80 

4 

ND 

0 

<20 

4 

ts'D 

ND 

7 

20 

32 

14 

73 

14 

40 

32 

17 

145 

28 

40 

32 

0 

181 

42 

SO 

32 

0 

234 

135 

320 

4 

68 

335 

365 

320 

4 

ND 

ND 

0 

<20 

2 

44 

0 

7 

320 

128 

159 

4l4 

Ho 

14 

160 

128 

53 

30.';' 

28 

SO 

16 

70 

88!' 

42 

40 

8 

80 

333 

135 

320 

16 

53 

452 

270 

40 

o 

0 

349 

0 

<20 

2 

61 

2  3 

7 

.80 

64 

174 

412 

A  7 

14 

80 

64 

55 

612 

H  / 

28 

20 

8 

99 

329 

42 

20 

4 

19(:. 

28b 

142 

IbO 

4 

JiO 

47! 

365 

160 

4 

Mj 

ND 

a .  Sum 

ol  HI 

activity  in 

a  UV  peak  (area  under 

curve) . 

b .  NO  =  Not  Uoi'.c 
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This  KliH  vaccine  preparation  produced  a  total  :.m;:iune  response  in 
rabbits.  Hy  day  14  niter  the  last  injection,  whol.  serum  HI  and  CK  titers 
averat^ed  1:80  and  1:64  respectively.  Specific  IjiM  ill  activity,  o.pcctod  in 
the  ist  chromatographic  peak,  was  masked  by  lipoprutein  inhibitors  that 
could  not  be  removed.  In  the  2nd  peak,  specific  Igil  activity  generally 
became  maximal  by  day  28  but  subsequently  decreased.  This  flndir.5,  in 
combination  with  responses  observed  from  whole  serum,  indicated  that 
conversion  to  IgG  occurred  and,  therefore,  that  the  capability  tor 
immunological  memory  had  been  established  by  the  vaccine  dosages  cr..\  Loved, 
The  increase  in  HI  titers  seen  in  both  whole  sera  and  IgC  fractions  h;.  days 
135-142  cannot  be  explained  at  this  time. 

Of  considerable  interest  was  rabbit  46.  This  animal  developer,  i.ock 
paralysis  9  non  after  vaccination  and  was  killed.  .S'either  vlrai  iscl.ition 
techniques  nor  histopathologlcal  studies  provided  a  diagnosis.  During  :i... 
following  2  non,  8  of  15  healthy  nonvaccinated  animals  caged  in  the 
area  developed  CF  ancl/or  HI  titers  against  EliE  antigen;  Igt;  cionversion  w.i/. 
confirmed  by  chromatography  in  2  of  these  rabbits.  I’nllkc  finding.s 
with  vaccinated  animals,  antibody  activity  disappeared  within  45  days. 

For  volunteer  studies,  smaller  doses  of  vaccine  were  employed.  Eight 
men  received  2  doses  of  0.3  ml  each  of  EEE  vaccine  28  days  aptirt  and  nnothe 
eight  2  doses  of  0.25  ml  each  28  days  apart.  KTiole  sera  obtained  at 
specified  intervals  were  screened  for  HI  antibodies. ^  Sera  of  '3  individual 
with  the  highest  titers  and  3  with  low  or  intermediate  responses  on  days  35 
and  42  were  selected  for  detailed  study,  as  described  for  rabbit  seru. 

Two  vaccinees,  GFN  and  JTR  (Table  II)  developed  essentially  no  antibody 
response  following  immunization:  no  CF  antibody,  sporadic  HI  titern,  and 
no  significant  serum  neutralizing  (SN)  activity  as  indicated  by  log 
neutralization  index  (LNI)  .  HI  activity  of  chromatographic  samples  never 
exceeded  baseline  values  which,  influenced  by  the  lipid  content  of  soi.um, 
varied  from  sample  to  sample  of  each  individual.  It  should  bo  noted  ci.at 
both  individuals  were  from  the  low  vaccine  dose  group.  Whole  seru;;.  i.i;cis 
for  subject  RWII  were  representative  of  responses  of  9  other  vac-;-in..‘e,s , 
i.e.  no  CF  antibody,  sporadic  HI  titers  and  transient  LNI  .ictivity.  A:; 
with  nonresponders ,  HI  activity  in  peak  2  did  not  e;-:ceod  ha.sol  i  no  i-. 

Antibody  response.s  of  the  3  volunteers  who  apparently  rc.Syi-'iiiIoa 
maximally  to  vaccine  are  shown  in  Table  III.  Althoug'n  not  s.-.own  hy  ti.u 
tabular  presentation  of  data,  inspection  of  chromatograi'di.s  coir.Dine.d  vit.i 
serological  activity  suggests  that  all  3  individuals  iiad  some  i orm  lo 
prior  experience  to  antigens  in  the  EEE  vaccint .  .Ml  developed  s  ..gni  1 
levels  of  whole  serum  titers  for  HI,  CF  and  SN  antibodies,  Signifier.r.t 
increases  in  HI  activity  were  observed  in  the  End  cr. nor,Mrov,L'a;Tiio.  ,'e,u<  o; 
sera  from  subjects  BCH  and  GAS.  Values  tor  ohromatugr.-iiarii,'  .inai  v,'- , 
sera  from  subject  HGK  resembled  those  described  for  \'ol untcer  RWM,  'i.-.-jii.'  j. 
a  poor  responacr;  hov.'ever,  serological  activity  for  \'olu;Ueer  iicli  wa.:  c,,,:,  -. 
CO  a  sharp  peak  upon  a  low  baseline  rather  tlian  di.stributeo  ■imonj;  a  Ifi-  ■  - 
tube  range. 
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table  II. 


VALUES  I'OK  VOLUNTLEKS  WITH  POOR  ANTIBODY  KESJ’OVSES  FOHOWINl' 
I>WUNIZATION  WITH  EEE  VACCINE.  iOLLaUL^L. 


SUli.JECT  DAY 


Bj 

42 

56 

90 

180 


WHOLE 

SERUM 

TI'J'ERS 

HI  ACTIVI'J'V 

(UMTS/ml)--^ 

HI 

CF 

lni^/ 

CHROMITOCRAPHY  PflAk' 

1 

■> 

<10 

<2 

0 

56 

1.8 

<  1C 

V.  2 

0.50 

75 

2B 

2C 

<  2 

0.50 

67 

52 

10 

<2 

0.75 

86 

.Jif 

<10 

<  2 

1.15 

44 

,18 

10 

<2 

1.25 

62 

J2 

10 

<2 

0.85 

64 

19 

<10 

<2 

0.85 

150  , 

19 

<10 

<2 

0.55 

NU 

JTR-^ 


0 

7 

14 

28 

35 

42 

56 

90 

180 


RWM^^ 


0 

7 

14 

28 

35 

42 

56 

90 

180 


0.25  ml  EEE 


<10 

<2 

0 

110 

50 

<10 

<2 

0.25 

63 

34 

20 

<2 

0.15 

82 

24 

<10 

<2 

0.15 

56 

3:i 

<10 

<  2 

0.90 

70 

22 

<10 

<2 

1.15 

126 

11 

<10 

<2 

0.80 

78 

20 

<10 

<2 

0.40 

25 

18 

<10 

<2 

0.38 

ND 

Nl) 

<10 

<2 

0 

82 

6  5 

<10 

<2 

0 

121 

59 

20 

<  2 

0.50 

275 

.59 

<10 

<2 

0.50 

90 

4  5 

<10 

<2 

1.50 

104 

69 

20 

<2 

1.87 

384 

<10 

<2 

2.00 

282 

I-  1 

<10 

<2 

1.15 

580  , 

i  1. 7 

<10 

..  9 

0.50 

.’BD 

'.cine  per 

dose  on 

Days  0  and  28. 

0.  0.5  ml  EEE  vaccine  per  dose  on  Days  0  and  28. 


.  L.\l  =  Log  neutralization  index, 
courtesy  Virology  Division. 


titration  in  suckling  mice, 


Sum  oi  HI  units  in  a  LV  peak  (area  under  curve). 


ND  =  Not  Done. 
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TABLE  III.  VALUES  FOR  THE  THREE  VOLUNTEERS  WITH  MAXIMAL  ANTIEODV 
RESPONSES  FOLLOWING  IMMUNIZATION  WITH  EEE  VACCINE. 


SUBJECT 

DAY 

WHOLE  SERUM  RECIPROCAL 
ANTIBODY  TITER 

HI  ACTIVITY  (UNITS/ml)-'^ 
CHROMATOGRAPHY  PEAK 

HI 

CF 

LNI-^ 

1 

2 

0 

<10 

<2 

0 

211 

43 

UCE-'^ 

7 

20 

<2 

0.65 

103 

24 

14 

160 

<2 

1.65 

521 

95 

28 

40 

<2 

1.75 

111 

140 

35 

160 

<2 

2.75 

301 

310 

42 

160 

4 

3.55 

222 

462 

56 

80 

2 

2.75 

517 

291 

90 

320 

<2 

2.25 

262  - 

615 

180 

80 

8 

2.10 

KD 

0 

<10 

<2 

0 

486 

97 

hgi4^ 

7 

<10 

<2 

0 

548 

62 

14 

20 

<2 

0.60 

429 

95 

28 

<10 

<2 

0.20 

93 

59 

35 

40 

2 

2.10 

176 

58 

42 

80 

4 

2.10 

208 

75 

56 

160 

4 

2.20 

128 

51 

90 

80 

<2 

2.00 

168 

104 

180 

20 

<2 

2.24 

ND 

ND 

0 

<10 

<2 

0 

3430 

37 

GAS-'^ 

7 

10 

<2 

0 

42 

13 

14 

20 

<2 

0.86 

130 

28 

28 

<10 

<2 

0.86 

65 

45 

35 

40 

<2 

2.86 

135 

121 

42 

160 

32 

3.05 

245 

216 

56 

80 

4 

2.61 

108 

8 '3 

90 

ND 

<2 

2.61 

144 

112 

180 

20 

<2 

1.25 

ND 

ND 

a.  0.5 

ml  EEE 

vaccine 

per  dose  on 

Days  0  and 

28. 

b.  0.25 

ml  EEE 

vaccine  per  dose  on 

Days  0  and 

28. 

c.  LNI 

=  Log  neutralization  index, 

titration 

in  suckling  mice 

> 

courtesy  Virology  Division. 

d.  Sum  of  HI  units  in  a  UV  peak  (area  under  curve). 

e . 


ND  =  Not  Done. 
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Six  monchs  following  the  2nd  dose  of  vaccine  only  subjects  BDB 
and  HUH  had  significant  levels  of  neutralizing  antibod, s  .  Therefore, 
a  0.3  ml  booster  dose  of  vaccine  was  administered  to  all  subjects. 
With  few  exceptions  antibody  reaponaes  at  28  and  42  doys  after  the 
booster  resembled  in  both  magnitude  and  duration  those  fcillowjng  the 
2nd  dose  of  vaccine.  We  were  unable  to  determine  the  nature  of 
response  to  booster,  i.e.  anamnestic  vs.  new  primary,  because  earlier 
bleedings  were  not  obtained. 


Of  particular  interest  were  2  individuals,  JTR  and  DLW.  both 
rc..., .jondae  wially  to  the  ist  O.-l.^-ml  Injection  but  failed  to  respond  to 
eLihac.iaei'. L  ,\.j c c i.ous  |  consequently,  the  posslbilit;/  of  low  dose 
tolerance  must  be  cousj.dered.  Of  additional  interest  was  an  apparent 
increase  between  days  56  and  90  in  specific  IgG  activity  ef  eliromatograph i i 
jcn.'.ples  from  subjects  shown  in  Table  III;  this  finding  was  similar  to  a 
delayed  increase  that  occurred  in  the  more  Intensively  immunized  rabbits, 
ilmong  factors  that  may  contribute  to  this  phenomenon  are:  (1)  chatige.s  in 
quantity  and/or  serological  efficiency  of  specific,  immunoglobulin  cLas.se;::, 

(2)  activation  of  secondary  antigenic  systeni.s,  e.g.  l.atent  viruses, 

(3)  presence  of  a  low  concentration  of  live  virus,  (4)  adjuvant  effect  of 
viral  nucleic  acid  and  (5)  breakthrough  from  a  state  of  p.artial  tolerance. 

It  is  clear  from  review  of  those  data  that  it  is  fea.yible  to  employ 
a  reference  animal  model,  the  rabbit,  for  evaluation  of  responses  to 
vaccines,  however,  it  is  equally  clear  that  serological  techniques  are 
not  sufficiently  sensitive  to  quantitate  antibody  responses  to  arbovlral 
vaccines  in  a  meaningful  manner.  Therefore,  studies  were  initiated  in  an 
attempt  to  develop  an  Improved  HI  teat. 


Nonapsclfic  arbovlral  hemagglutinin  inlntbitors  in  normal  .sera  ha 
been  reported  to  be  lipoproteins  which  could  be  removed  by  kaolin 
absorption  prior  to  antibody  titration. ^  In  the  foregoing  oxperi 
normal  Inhibitors  were  found  in  the  ist  and  3rd  chromatographic  poiik 
None  were  detected  in  the  2nd  peak  of  ser.a  from  nonimmuni;''.ed  luin.ans 
rabbits;  therefore,  .specific  IgG  titers  in  the  2nd  peak  of  immune  so 
be  determined  directly  without  treatment.  However,  in  order  to  titr 
in  the  1st  peak,  it  was  necessary  to  remove  inhibi  tcr.s .  We  found  th 
absorption  of  chromatographic  el.uates  by  the  standard  kaoJin  method 
all  HI  activity,  antiboclie.s  as  well  as  inhlbltorri .  Furthurmore , 
chromatography  of  immune  rabbj.t  .sera  after  absorption  with  kaolin  da 
that  60%  of  IgM  and  90%  of  IgC;  activity  were  removed.  Therefore,  tl. 
standard  procedure  employing  kaolin  absorption  will  not  yieJd  valid 
antibody  titers  for  either  wliol.e  sera  of  serum  fraction:-. 


nt.s  , 

con  'i.u 
e  lg:-i 

ir.uvoii 

nsi ruL 
bovi rn 


Similar  findings  have  been  reported  for  other  viruses,  e.g,.  rcoviru.s 
and  rubella,  and  tne.use  of  polyaiiion  complex  as  an  inlilbitoi'  absorl.'.int 
l.as  been  proposed .  The  schema  for  stepwi.se  precipitation  of  i  i'pojuwn.i' i  n.w 

from  sura  with  Ca"^  and  de.stran  sulfate^  was  explored  n.s  a  better  methuu  for 
removal  of  nonspecific  arbovirus  inhibitors.  Since  the  borate  anu  phospiiaLU 
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buit’ers  er.iplcved  in  standard  ill  procedures  arc  i.'.  o.r.patibic  wit.;;  t.ystci. 
requiring  Ca  ions,  a  new  buffer  sysceir.  was  requirca.  It  was  voc.nd  Liuit 
the  sinple  pH  (6.2)  buffer  ''ystem  employed  in  the  rubella  test  wa;.. 
unsatisfactory  in  the  HUE  system  and  possibly  for  al.l  yroup  A  ,n‘bi3vi.ru;;u.s  ; 
EEE  antigen  was  stable  for  only  4  hr  and  inhlbitovv  titers  oftcii  t'su.uL'duh 
10,000.  A  new  dual  buffer  system  was  developed.  AntLgei;  .ind  ..urum  WL;re 
incubated  in  0.0125  M  2- (N-morpliolino)  propanesuJ  f  onic  acid  sa’i’'.c, 

containing  0.0025Z  gel-.tin  and  1%  bovine  serur.  albumin  (iiSA)  ,  adjusted  to 
pH  7.5.  After  incubation,  goose  erythrocytes  (UBf)  were  aad.,  1  in  .n  ceil 
adjusting  diluent  of  0.05  M  2~(N-iiiorpholino)  (ithanesui  i  cuti  ■■  at  Id 

'vith  gelatin  and  dSA,  adju.sted  to  pH  6.0.  These  tests  can  be 
,.i.;v,p..c  Li.  a  ir.  4  hr. 


With  this  dual  buffer  sy.stem,  the  relati.onshi.p.s  of  viru.-.  .u;  i . . 

antibodies,  and  inhibitors  could  be  exploreu.  Viral  Iteir.agt’^ 'Jf  1  o  • 'i  tit.-.:, 
were  equal  to  or  greater  than  those  obtainec  *n  tuc  stand. ird  li,  r..tc./ 
phosphate  system  and  were  .stable  for  >4S  hr  at  1:400  diiuci.ai  ci  iii.i. 
antigen.  Aittibodies  and  inhibitors  agaiitst  tr.e  aai:;c  ar.tigcr.  c;.:’.;n,  t  rc 
measured  independently  in  serum;  effects  of  j.-.iuibitcr  remevai  wore 
evaluated  in  anti-sheep  RBC  and  nntl-goose  RBC  sera  by  independent 
titration  of  inhibitor  with  EEE  antigen  and  antibodies  with  sheep  tn. 
goo.se  RBC.  Two  groups  of  lipoprotein  inhibitors  could  be  precipitate.;! 
from  human  and  rabble  sera.  Although  the  ser..  of  Doth  .species  ccntat.ie.. 
both  groups,  their  distribution  varied.  Human  sera  contained  more  i lihil;  i  tai; 
precipitated  in  the  low  density  (VLDL)  and  low  den;jity  group  (i.i)i.)  .  Rabbit 
sera  contained  more  inliibitor  in  the  high  density  fracticKUs  {llld,) . 

Inhibitors  can  be  precipitated  from  aged  or  fresh  sera.  Heating  or  agini'. 
known  to  denature  lipoproteins,  does  not  affect  ir.l;ibitic;i'..  Sir.^c 
delipidation  by  ei.haustive  ether  extr.nc.cion  does  not  affect  inhihitc; 
activity,  viral  hemagglutinin  may  bind  to  protein,  rather  ti-.an  ilpid.  'ii.e 
arbovirus  inhibitors  in  serum  have  not  been  icer.tiiiod. 

The  final  details  of  volumes  aim  condiuioi.;^  .arc  ocir.g  , . impi..  vc.. 
.application  of  the  new  test  to  normal  and  ur.m.une  set';,  fro-,  o ;  i  i,-. 


S  u  ml. .  a  r  V  : 


•Sera  fror..  r.'.bbits  and  volur.teer.s  i rm.u.i.. wl;;.  i  !.i.  v.uc,  c, 
analysed  for  production  by  ..dioJ.e  Sfi-uii  oc  .w  I.'j, !  c.il  t  i  c  .'.'a  r. ; .  a:-  ..n  , 
gel  tlitrutro.-.  chro.T.atograpiiy .  .N'c  Ig.C  wa.s  c,.rcctc-a  u,  i  non 
irTwuniraticn  of  volunteers,  except  .in  1  In,;  ic  .  ...u.i .  .s  w;,c.i'  re.s.;  .  -...m,  .• 
vcoinpatibie  w*t''i  prior  experience  with  the  illre.s;,.  t.,;  f:;.;  .ur. .  ,.c,. 

2  .  .5  tiiaes  as  ii.jch  vaccine  produced  sigiii  f i..-anr  a:;.,  ..nt.s  o!  i,.w  . 
u.-.u.xplalncd  aeraycv.  incre.ase  in  ;ipicific  antibouy  .:ci*v;:v  wa..  .  .-.c  .O'ec 

in  botii  r'.an  ana  raooitB  after  the  initial  i.w..s.  i.:-isc  de  ■  .•ea.-.cd . 

0  IS  c  re  .i-c s  i..  the  s  t andai  c  nemag g .  i . t  i*. "i  n . ,  . ,  . . 

procedure  prr.v.pted  deveiopr.ient  o!'  a  new  hi  tc,-.  t  i,  ;■  ...loviiu.,  ar.. 
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i\u  encephalomeylltls  (VEE):  (U)  Epizootics  (n)  .Central  America;  (I')  Vaccinus; 

(U)  Attenuated  virus  vaccine;  (UT  Immunization:  (J)  Military  medicine _ _ _ 

If.  teCNNICAb  OUCCriVK.*  Il  ANNKOACM.  21  NNOONIU  rrwY*<IAA  inVlHAMl  IKMII2I*K  V  aumW  MMAAA*  *t  *»*h  (M***lttYMriar<  CM*  ) 

23  (U;  Evaluate  experimental  vaccines  or  antigens  in  laboratory  and  otlier  animals 
before  use  in  man.  Assist  in  control  of  an  epizootic,  Tlii.s  work  unit  is  an  cssen l  1  a  1 
element  in  a  compreliensive  program  for  medical  dufeiuse  .ig.ilnst  liW  agents. 

24  (II)  Promi.sing  vaccines  are  given  to  laboratory  anlnial.s  ,j,id  safoty  tested  piloi 
to  administration  to  man.  Supply  vaccine  and  technical  a.ssistance  to  conduct  .i 
vaccination  prograii,  in  order  to  create  a  barrier  of  immune  lioriies  .md  theri-l  v  ( m  b 
tlie  .spread  of  the  disease  in  these  anliials. 

25  (U)  71  07  -  72  06  -  Back- pa.s.sngu  of  TC-83  virus  in  burros  was  .iccoiiip  1  i  siicvi , 

After  7  consectitive  serial  passages,  no  evidence  of  reversion  to  vlruleme  was 
obtained.  In  addition,  field  ohservat  lon.s  were  ni;ide  on  the  s.ifety  and  eftic.icv 
of  TC-83  vaccine  during  the  1971  Texas  VKE  epizootic.  The  re^tulLs  .iitained  wi'ii' 
consistent  with  observations  n«de  in  the  laboratory  and  in  1969  and  1970  in 
Central  America. 

Publications:  Proc.  Annual  Meeting,  U.  S.  Anluwi]  Health  Assoc.,  p,  2hb-27.‘>,  19/1. 

J,  Am.  Vet.  Med.  Assoc.  159:  731-  738,  1971. 

AppI  .  Microbiol.  23:654-655,  1972. 
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Casualties 


!'•  V\  t  I  L  L  O  n  Ok  oT  ^  ‘  )*i  1.1  1  Xk.i'i't  i.  IV-  j.  V. 

Animalo  in  liW  De.;e.— ...  Ki.hc.Lrch 


•.';.Lcn ; 


dv.\j.uaL'c  c;';por:...'.cnc:al  vaccin..ei  an  to  saie'e  ■  and  i.  iicac;,-  in  ..n. .  i  m 
veitiyaCe  Ciu.'  pos.si.jle  reversion  to  viraienc..'  .iL  'i.ve,  a t tenn.’.f .  0  ,u  tn. 
eCiuine  once.pria..omye:litl.s  (Vliti)  viru.s  (T('*t5'J;  v.ccirn.-.  deivort  oa.ie  .•e.ai.  1...  r..-, 
r.iacle  during  field  use  of  ti:e  vaccine  auvin;.;,  Vn...  epi/.ooti.c  a , 

Progress : 

After  the  1969  Central  American  epizootic  and  tiie  large  (.ie.manU  fer  liv.,-; 
attenuated  VEE  vaccine,  numerous  attempt. s  weru  made  hy  per.sonnel  oC  Ll,e  i:.  S 
Army  Medical  Research  and  Development  Command  to  induce  the  L'.  Departiaeni 
of  Agriculture  (USDA)  to  license  the  vaccine  for  export  and  for  contingency 
use  within  the  United  States.  In  spite  of  extensive  u.se  of  vaccJ.ne  in  Cen¬ 
tral  America,  where  it  appeared  to  bo  botli  safe  ;ind  eftLictive,  l.';U.)A  of  fie  i.ai 
continued  to  express  serious  reservations  about  the  cUingers  of  reversioc.  to 
virulence,  should  horso-to-horse  tran.smi.s.sion  ocee.r. 

Back-passage  of  TC-83  vaccine  virus  from  curr..i  to  Isurre  wa.'-  in  i  t  i  :i  te.'  to 
determine  if  such  transmission  would  cause  tile  vacci.ne  vi  tiis  tk>  mv.  i.'.:  in- 
virulence.  Although,  no  evidence  of  ri'versinn  to  virulence  wa.s  ol,.:. .  rv'  ■:  uiu  - 
ing  serial  passage  of  the  virus  by  subcutan..'ous  or  u'ltraperi.  ten.  ,i  ;'i  ; 
routes  in  .small  laboratory  animals,  .several  lahorator ies  .attemp;.:  u  c.ruv  -i,-- 
horse  passage,  of  the  viru.s. 

Vaccine,  administration  to  IhiuiJa'.'  is  cli.-.irac  C  ■  rl d  In-  a  ..n,-,  i  r  i  u  , 

viremia  with  a  tran.sient  fevi  r  in  approxiina' o  1  y  .'jO'  of  ar,  uiiais.  ...I  ,iv  a... 

where  35'dO/l  of  vaccinated  individuals  may  suevc  ^■.el!...■  iumc:  ion  l the  v.e.e.., 
only  lit  of  horses  show  even  a  ti'ansii'ut  1'e.ieLie.n  ei.in.',.!.-.,  t  inr,  o'i  aiuV'  i..  .nu- 
depression  for  12-2-1  hr.  Tliu-s,  .loliu.son,  who  useU  ;..  V'.,'r  .-i:.  a  veil..  .  . el  lee' 
twice  to  recover  virus  beyond  the  2nd  p.;t.s.sa);e;  and  .'''eCenih  i,,  wi.n  e.  ieet.d 
the  72-hr  sample  for  transmission,  was  unabl.'  'ni'eet;  r..' i  ]..i.e;i  t.-:  .i;:  L.lv 
4th  pas.sage,''  dSDA  personn..’!  in  .''ku-iico  City  col,.  teU  iimi  .vi  ,)|  ,.  re;.,  ir.-r 

each  of  5  animals  daily  Jlor  5  days  po.-U  i  iu>cu  Jal  i  i>i', .  Au'se  -p  i 

pooled  and  an  aliquot  was  given  to  eaeli  of  1  .idJ  i  t  i  .'ua .  h..u-::'S.  :  i.i;,:. 

method,  they  attained  5  passagi'S,  wi  t!i  no  indieai.  i  e.-.,  o!'  c  ver .. ;  on  .:u- 

1 1.' nee , 


lii  .)ui'  lalioraUory ,  a  Li(.',ht  ly  appru.uM  w.  .  (in,  ii,.rri,  vai.-, 

urii’d  Lor  oaoli  paMsa;;i.'  U'VoJ.  Scrum  wan  co  1  li'cLi-d  al  i;'--,  Iniirvai.  ,1,1  .  r ;  niu:- 
uiation;  a  portiLoii  oi  ivu'.li  iiamplc  was  iinmi'Ui.aLi.' ly  t'-  ii  1 1'  iiui.<  wc.in  1  i  ii;.', 

mice  and  intraccrcbrally  (Id)  inio  i -^-day-ol.d  mice.  In-i  .im  I'rou  each  nleedinj! 
wan  stored  at  -20  C  i.u  I-  and  10-tnl  volumes.  It'  tests  in  an’ ce  indicaLned  the 
preaence  of  virus,  the  l-iiil.  .sample  was  titrated  fcir  vir,-iiii,a.  On  the  lea, sis  of 
these  titrations,  tiu'  10-inl  .sample  correspondin}'.  to  thi.-  lij'.diest  titn  r  1.'  virijs 
was  selected  Cor  inocuJation  into  tin-  next  Inirri'.  K.  snlLii  ai',..  .-■.nT'K-i.u’ i  .'.'d  in 
Table  1.  It  can  be  seen  tliat  there  were  an  irrertii.ar  vir'.'m.  a  pal.  l.'.-h  ,  ali;',..‘!iev 
w' .  ...  t'.et.dj,\  V  i '.'efiia  in  .'iarros  6  and  ;•!,  and  no  fever  in  lairros  . i ,  4,  3  ,.eu;  d. 
1..^  .n,  u,  r,  i:  ' ;  ,  Lrar.  .e.',vi:5sion  studies  basiul  on  the.se  r'e-. -ion:.'.  c-.uih!  r.  ...e  i  e-  1,, 
a.'i  iccL cu'i  .  The  prolonged  vi.remi.a  and  tlie  !iL.;h  viremLa  L  ;,:  .-’.':.  ,.'i,.,.'r'.  ;  ,  r, 
snr.’e.-.  2,  "i  ,.ind  7  ...re  coi'..,  is  tent  wilTi  data  on  pi*  i.m.iry  vac.-:;i,!i  ieii  u.'.:.  i.i.-b3 
.'eported  ■previous'!.’'  ..y  O'er  iaborator',  ,®  and  indicat.  .ta  inerea--..-  ..  i"..  i, , 
at.  can  he  seta  with  .3urro_.  4,  5,  6  ami  ;i . 

'.•.'itli  ti.is  tie  ,  /  p,.  jt.aiii.';,  were  attained,  h..  .videnee  rec  ... 

viru.i.ence,  as  indicated  by  lethality  by  iieuraa  or  etwraui-iural.  roui-es  i.'er  weiui- 
liny,  nice  or  clinical  in  burros,  has  been  observed. 

in  addition  to  the  back-jiassaAe'  .studies,  additional  .-.ai  'tv  1  luhl.i.  \v..'-re. 
conducted  in  tiic  field.  Ousi.'rvation  of  approximately  22,i)Cin  i:r.|u.i.d.".e  b>  Li.'iDA 
and/or  1.  S.  Public  ileultii  .Service  personiu' 1.  in  5  state;.;  indlc.-itcd  a  reaction 
rate  of  less  than  IT.  These  results  were  cumsi.stcnt  with  the.se  reported  hv 
our  laboratory  and  with  empirical  ob.servatiori.s  in  Central  Amerie.i. 

In  iy69  and  1970,  numcrou;'.  field  observations  alte.sted  to  t.iie  eiAicacy  of 
the  vaccine;  deaths  of  no nvac ciliated  atiimal.s  wi'n.  (loeu!nenti.a!  in  ii.'rd,s  where 
all  vaccinccs  survived.  Tiu-.se  .same  observatii.'ns  hav.'  et'ir.  ;iiade  in  T.  .\,'pi .  .\ 

not-uncommon  herd  report,  from  an  area  with  acLivv-  .•neepii.i  1.  .1 1  i  e-  ca.'-.es, 

On  20  July,  38  working  horses  were  vaccinated,  but  the  tiwii'.T  cons  l.der -d  ii  te. 
much  trouble  to  round  up  the  remiilriiuA  lio'csac; .  in  in.Al-.iup.u  i,  escepiia  I t  r . 

...nd  death  ’.Jcyan  i'c.  eiccur  in  tlicjse  nonvace  i  riati'd  ,uii.i;i.i  a. .  fie.,!  ':e,  .'L.  -..i - 
was  '.sad;.'  on  31  Au.ea.ist,  Her  .es  w>.re  rjat.i-sred  .!  .1  eiu  j...,,uo'.,'; 

tile  ranch..  The  3b  vaccinated  horse;;  reiraiivd  iir.altiiy,  ivl.i.  ■  i  ..f  ...  ..'.i  ".1 

J  d  i  ni;;j  on  t',;e  saiv.e.  ..l.sta.'e  die..',  a;ld  .)ae  W.i;;  .-  ic..-,  at  I.',--  e!  .iUe.a  !  ■- 

tion.  In  Pasture  A,  all  16  col;--  li  of  lo  m.',r.  .■  .a-.u;  t.iie  oil,..;;  f.'.t.  : 
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TABU-  I.  SERIAL  BACK-PASSAGE  OF  TC-83  VIRUS  IN  BLTIROS 
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i  ro:.;  24-144  hr  of  Burro  Ki 


watj  muru  L'requL'nt:.  This  hiphasic  paiLorn  of  disoasi.'  Col  i ov/iii).'  vaccination 
v»»as  soon  also  during  the  1971  Tuxas  epizootic .  I'cliow-up  Information  was  not 
available  in  all  eases,  but  data  indicate  that  the  majority  of  the  deaths  oc¬ 
curred  in  horses  with  early  onset  of  illness. 

At  the  time  of  the  original  observations  in  1969,  the  early,  severe  di:.- 
case  was  attributed  to  an  acceleration  and  exacerbation  of  a  prec^xisting  in¬ 
fection  due  to  vaccination  with  the  attenuated  strain;  wlicrcas  the  more  mild 
disease  was  considered  to  represent  infection  of  the  animal  within  a  icw  days 
after  vaccination,  but  before  development  of  effective  immunity.  A  study  by 
det;y  il*''  i-*''  1970  in  Costa  Rica,  suggested  that  both  patterns  of  diseasi' 
foliowing  vaccination  represented  infection  with  the  virulent  virus  prio'r  tC' 
vaccination  and  severity  of  the  disease  was,  in  fact,  di'termincd  by  t'tu:  titer 
of  viremia  at  the  time  of  vaccination.  Of  35  animals  studii'd,  2  dew  Lupi'd 
the  early,  severe  form  of  illness  2  days  postvacciuation,  A  3rd  animal  de¬ 
veloped  overt  encephalitis,  on  die  5th  clay,  but  eventually  recovered.  One  ol' 
the  2  horses  which  developed  the  early,  severe  form  of  the  dlsea.se  inui  vi¬ 
remia  of  1.6  X  10®  logs  at  the  time  of  vaccination.  Ihe  other  horsLo,  wliicli 
became  ill  on  days  2  and  5  contained  trace  amounts  of  virus  in  prevaceination 
sera.  Two  other  horses  which  remained  asymptomatic  also  had  trace  amounts  of 
virus  in  their  blood  at  time  of  vaccination.  Horses  that  did  not  contain 
virus  at  time  of  vaccination  did  not  develop  any  evidence  of  disease. 

The  data  of  Eddy*  suggest  tliat  both  forms  of  tlio  disease  arc-  probably  due 
to  preinfection  with  the  virulent  virus  and  the  form  of  the  disease  may  be 
related  to  the  stage  of  viremia  at  time  of  vaccination.  His  data  furtiier 
suggest  chat  the  vaccine  may  serve  to  protect  horses  already  infected  with 
the  virulent  virus.  This  protection  concept  received  some  support  in  a  docu¬ 
mented  case  study  during  the  1971  Texas  outbreak.  The  surviving,  nonvaecina- 
ted  animals  in  the  herd  previously  discussed  were  vaccinated  at  the  time  of 
the  herd  investigation.  Nine  of  tlie  nonvaccinated  horiU'S  had  fevers  of  103- 
105.5  P  at  the  time  of  vaccination.  Virus  was  isolaued  from  3  of  thesi.  ani¬ 
mals  (only  3  sampled)  from  sera  collected  at  tlie  timi;  of  vaccination.  Of 
those  9  animals,  only  one  died.  The  other  8  animals  rcx'ovcired  witl.out  aivpar-. 
ent  permanent  sequelae.  At  the  same  time,  3  of  3  horses  not  vaccinated  with 
fevers  of  103-105  F  died.  In  addition,  9  nonfebrilo  animals  at  the  time  of 
vaccination  never  developed  any  clinical  illness.  On  the  basis  of  f.lie  I 'lO'.i 
virus  isolation  rate,  all  febrile  animals  wen?  presumptively  VHll  eases.  i  i' 
this  presumption  is  correct,  since  the  8971  survival  rate  of  infected  animais 
at  tine  of  vaccination  far  exceeds  the  expected  recovery  rate  from  VilP  infee - 
tion  in  the  equine,  tiie  above  information  supports  tlu'  etmeept  that  attinui- 
ated  vaccine  affords  some  protectio-.  to  horses  already  infected  witii  viruient 
VHP  virus. 

dumnury : 

back-passage  of  TC-83  virus  in  burros  was  accomplislu-d.  .Mtk'i*  7  eoii^.w.;- 
t.ve  .serial  passages,  no  evidence'  c,f  re'version  to  virulene-.-  wa.s  ohtair.e'e. . 
o^.dition,  fie'la  obsv;r\'aLie'''ns  were  made-  on  the-  safi'ty  .md  e- 1  f icciey  of  Vi.:-.:,  ) 
vaccine  during  the'  1971  Te-xas  VHi'i  epixeiotic.  Tin'  results  attaiiii'd  'We'i-e 


cotiHistcnt  witii  obstTvations  made  in  tiu*  laboratory  and  in  1969  and  1970  in 
Central  America, 
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23  (U)  Test  and  evaluate  combinations  of  vaccines  in  man.  This  work  unit  Is  an 
essential  element  in  a  comprehensive  program  for  medical  defense  against  BM  agents. 

24  (U)  After  combination  antigens  have  been  safety  tested  and  evaluated  in 
laboratory  animals,  they  are  given  to  tan. 

25  (U)  71  07  -  72  06  -  A  study  on  associated  administration  to  volunteors  of 
yellow  fever  and  VEE  vaccines  was  Initiated  late  in  the  fiscal  year. 

Terminated  .since  FY  1973  funding  will  be  under  The  Surgeon  Genera],  Army, 

New  Project  No.  3A062110A834;  Acces.slon  No.  DA  OB6415. 
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Man 


Jc'Hcript  ion : 

lest  and  evaluate  combinations  of  vaccines  in  m.-'ii. 

Progress : 

Associated  Administration  to  Volunteers  uf  Venezue  lan  Kc^uine 
elitls  Vaccine  I  Live.,  Attenuated  and  Yellow  FeVe-r  Vaccine,  17b  Strain  (Medi.al 
Division  ProtoccTl  No.  FY  72-4)!  A  study  in  volunteers  has  been  initiated  L'.’ 
compare  single,  simultaneous  and  closely  spaced  administration  of  yellow  I'L'Vcr 
CYF)  vaccine,  17D  strain,  and  Voneauelan  Equine  Enccplialoinyoiitis  Vaci  inc, 

Live,  Attenuated,  NDBR  102,  on  the  basis  of  ueutra  1  ini  ng  and  lic.iiaygiut  inat  ion 
inhibition  antibody  response.s  to  both  antigens  in  vuJ.uiuuers.  iiie  onset  and 
duration  uf  viremia  and  clrcuiating  interferon  iuveis  resui  tin).;  from  Infection 
with  VEE  and  YF  vaccine  strains  will  bo  studied. 

Tlilrty-two  heaitlty  male  volunteers,  not  previous.ly  immunised  with  Vili;  or 
YF  vaccine  and  having  no  liistory  of  Infection  w.;lh  these  viruses  will  in.' 
divided  into  4  groups,  A,  13,  C,  and  1).  Crou|)s  A  and  h  will  consi.'-ii  of  u 
subjects  each  and  groups  C  and  1)  will  consist  of  10  vu  1  un t ci.Ts  cac.h. 

Individuals  in  eadi  gr<,iups  will  he  admlnistiTi'd  vaccini.'  as  I'u  1  iowf.  : 


’  VAcTtrrxif  Ad'mTn  fsi'KKli'l) 

l)ayj.ii  tdiah-'l' 

eXOUP _ NO.  Sl'BJKCTS  _ ST"  .^,.*’^171,...  IT  T'i 

A  6  0 

B  6  0 

C--'^  10  0  0 

D  10  +10  (j 

a.  0.^3  m.l  of  vaccine  will  hu  adminisi  eicu 


■suucut  aiu'ousiy  . 

h.  fuhjcct.s  in  Croup  C  will  hi:  adiv.  i  lu  .'u  ereu  v.iv  .  im- 

■s  i:;,u  1  t  aueous  1  y  hut  at  difierci.t  i  i.. ‘uu  I . :  t  1  o -.iti.-. 


1&2 


rhc  tiiiiily  begun  in  May  will  be  reported  on  in  detail  in  KV  1973. 
tjuimnary ; 

A  study  on  associated  administration  of  yellow  fever  and  VEIl  virus  vaccines 
was  Initiated. 

Publications ; 
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II.  TITlI  vfrA  <«(ijriipr  C«A«)* 
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A  NNORCIilONAi  MAN  rR5 

U  riJNOO  (li> 

R  PRTCI/t«RCCTlVt 

^  NUHBCR  *  NA 

CXHlHATION 

1 

2  . 

0 

40 

&  tVRt 

•i  HIND  or  AVAMO 

4  AHOUN  r 

f.  CUM.  AMT. 

■ 

2  . 

“■  ""I 

1) 

40 

If  MllRONAlIkC  OOO  ORaANitAnON 
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l<  OVMCHAL  Oil 

Foreign  Intelligence  considered 

AiiOClAtC  iNVtmaAfOAt 

MAMti 

MAMC; 

DA 

1X07  Diploid  cell  cultcr 


o  Wl-38;  (U)  Immunization;  fU)  Vaccines;  (U)  Military  n«dlclne 


[IJ  tCCHMlCAk  OgJCCtiwE.*  It  AABDOACM.  Jt  •■AOOMCtt  irfeoK/lerf  kr  "wBiter  prataot  ««ti  of  *•(•>  jerurMr  (''••r’Nraifen  Cutf*  ) 

23  (U)  Evaluate  human  diploid  cell  cultures  for  use  as  substrate  for  preparation 
of  viral  and  rickettsial  vaccines.  This  work  unit  Is  an  essential  element  In  a 
comprehensive  program  for  iiwdlcal  defense  against  BW  agents. 

24  (U)  The  human  diploid  cell,  WI-')8,  Is  studied  to  establish  the  technical 
requirements  to  produce  and  quality  control  cell  .strain  substrates  for  human 
vacc  Ine . 

25  (U)  71  07  -  72  06  -  Seed  stocks  of  WI-38  have  been  and  arc  continuing  to  be 
prepared.  This  cell  is  available  in  quantities  greater  than  10,000  square 
centimeter.^  per  day  to  Investlg.itor.s  of  U.SAMH11I).  Wl-38  has  been  examined  for 
its  ability  to;  assay  Imiiun  Interferon,  produce  levels  of  virus  acceptable  for 
vaccines  to  Q  fever,  Kocky  Mountain  spotted  fever  and  selected  Group  A,  Group  li, 
and  California  Group  .arbovirus  .strains.  A  May.jro  virus  pilot  vaccine  has  been 
produced  and  i.s  presently  heltig  evaluated. 

Terminated  because  the  accos.slon  number  i.s  changed  st-irtini;  FY  1  973. 

New  acces' Ion  number  will  be  DA  086416, 
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r.iescript'J  on: 


Evaluate  human  diploid  cell  cultures  for  use  as  substrata  for 
preparation  oi  viral  and  rickettsial  vaccines. 


Pro;.',ress : 

A  separate  laboratory  area  in  USAMRIID  has  been  organiiied  for  the 
production  and  characterisation  of  human  diploid  cells.  This  area  meets 
U.S.  Public  Health  Service  requirements  for  the  propagation  of  colls  to 
be  used  in  vaccine  production.  The  human  diploid  cell  area  is  presently 
capable  of  gro^'rt.ng  and  maintaining  colls  without  contact  with  other  cell 
culture  areas. 


Arrangements  for  procurement  of  low  passage  starter  cultures  of 
\‘n.-38  cells  have  been  made  with  Dr.  Leonard  llayflick  of  Stanford  Uni¬ 
versity  and  Dr.  John  Shannon  of  the  American  Tyjjc  Culture  Collection. 
Frozen  seed  stock  have  been  made  and  are  continuing  to  bo  ntulu  from  the 
above  cultures.  Quality  control  analysis  of  seed  stock  material  i'.as  shown 
the  absence  of  .'-lycoplasma  and  nornul  values  for  isocnz>ine  patterns  aiu; 
chromosome  complement. 

Approxinuitely  oOO.OOO  cm"  ot  Kl-Jii  ccli  uultare  lias  aui.-ii  : 

Ub^VIHIli)  invcstrgator.s .  Fuijor  efforts  with  \vu-'5.S  cells  inc.'iu.c:  l.uruai 
interferon  assay,  susceptibility  to  -..roup  A  .•irh.ovirus ,  l  u.sccp .  isj. :  I. t,y 
Q  fever  ano  Rocky  Mountain  spotted  fever  rickott.sia,  '.urcep  t  i  h  1  i  ty  l.o 
aclected  group  .i  arbovirus  strains  and  tialiforuia  y.rouj)  arhov u,:uses . 

A  7-h  pile.;  iot  of  vaccine  ap.ainicr  >!;iyaro  viru.-.  'Croup  o  ,i  rhovi  ra,;} 
has  been  preparad  'ey  Major  Robinso.;  of  ihts  j-iva.'iun.  Ihe  v.iccira  w.a. 
prepared  under  laberotory  conditions  renderr;',;  it  saitaoii..'  .^ir  adi-i.  nl;.  ..ra¬ 
tion  to  nmn. 


The  u.sc  of  TT-Jd  human  dipioid  cOlJ.s  .n.  ..  nh.  i  :'or  r.o  up  r .  ..,;rs  taa..,. 

for  huntir.  vacci.'.O  lia-s  ijcen  ;jucce:;.s  .'ui  .  Lffort,.  .ii'i.  pr'.  .-;e n.  i :-ci  a  i\ 

aidijrcd  to  procure  other  ciiarae  i  ari  zic!  iuu..ac  eeJi  L.Lr..i;'..  .  :he 

■loiiity  of  .1  coll  to  support  the  ,.,ro\.'tli  .-.-p.i.cl.  .h.i,  ■..■r t...  .a.-.,..  ii-L-a 

—..■7  LilC;  i.  Z-iUX  L  X  C  X  ITCmnS  well  iCi.  LI-  p.-'w  e  *.^.1  »>  i  ri*t  Ux '.'w.'*.-  v’.lw'C'i'.''  ‘ . 


ilased  upon  evidence  of  varying  ausceptibllity  of  human  diploid  cell 
utraina,  there  is  reason  to  procure  and  screen  strains  otlier  than 
WI-38. 


Guidelines  for  use  of  human  diploid  cell  strains  for  oral  human 
vaccines  have  been  presented  by  the  Division  of  Biological  Standards. 

An  application  for  an  oral  polio  vaccine  soon  followed  and  was  approved. 
The  precedent  for  human  diploid  cells  as  substrates  for  vaccine  has 
been  set  and  within  the  near  future  a  major  dependence  may  exist  on 
diploid  cell  lines  to  fill  the  U.S.  vaccine  needs. 


Seed  stocks  of  WI-38  have  been  and  are  continuing  to  be  prepared. 
These  cells  are  available  to  investigators  of  USAMRIID  in  quantities 
■•10,000  cm“  per  day.  WI-38  has  been  examined  for  its  ability  to:  assay 
human  interferon,  produce  levels  of  virus  acceptable  for  vaccines  to 
Q  fever,  Rocky  Mountain  spotted  fever  and  selected  Group  A,  Group  B, 
and  California  Group  arbovirus  strains.  A  Mayaro  virus  pilot  vaccine 
has  been  produced  and  is  presently  being  evaluated. 
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Foreign  intelligence  considered 


«A«i'  li.'ic  tc  I' I  o  1  ogv  DivI'-,  Ion 
US  AMR  1  ID 

Fort  Derrick,  MD  21701 

SiA/V  I'f  A  A  -  •ilM.nu  irtiiiv'iort) 

MAMA  *  Rabinowltz,  S,  G. 

301  663-7341 

SOCiAi.  tICuM-Tt  ACCOl.hl  NuUHrH 
AAAOCIATI*  '•vlAriGATOHl 

,  Dangerf  Juld  ,  H,  tl. 


(U)  Inimunoglonul  In;  (U)  Secrutory  antiboUy  (U)  Delayed  hyporscus  1 1 1  v i  ty ; 

no  Humoral  jintn-indy)  (II)  v-iyf  | naif ) (u)  .  tU.l4.La f y  laedicint* . ilu.v,D.plld,l.LLi..d.u. CSlliEil .. Dltj!, 


]]  TCCMMCAl  OajCCTIvA.*  24  APUWOACN,  3l  BACOAftl  lOAnf  Am  * 


>1  *ArA  H  (4  rlA«*ID(A(l<W  L'riJI  > 


23  (LI)  'i'o  evaluate  the  emit r  IhuL Ion  of  Immoral  and  co  1 1-med la  tori  Inmiuiie  responHe,' 

to  experimental  Infection.  This  work  unit  is  an  essenti.al  elemeiU  In  a  eoinprehens I ve 
program  for  medical  dofeirsti  against  I3W  agents. 

24  (U)  Develop  an  .tnlmal  model  for  eva  luat  Inn,  thn  contril.ut  I  on  of  humur,.  1  antihodv 
.tnd  CO  1 1 -med  la  ted  Immunity  In  resistance  to  cerlain  Infection'.. 

2  5  (U)  71  07  -  72  Of)  -  I’.'i.'islve  transfer  of  .let  i '-e  rum  or  ple.eii  cells  from  VKK 
liiimune  donors  conferred  spticlfic  a^ioptlvo  It.imunity  to  Inhret!  rev-ipionl  mice. 

Thyiim.i- dependen  t  1  viupiioc  s’ tes  wc-ra  demons  t  ri  I  ed  to  hi'  piiiuirily  responsible  lor 
CO  1 1 -med  la  tod  protective  activity  whlnli  bec.inv  imiximil  7-10  uiy;.  rollowinn. 
i  mmun  i  u.a  1 1  on ,  Interferon  wis  excluded  .ss  .i  '. !  n.n  i  t  icaut  t-ict.)!'  in  I't' 1  1  -  mod  i  ,i ,  eii 

aspocts  of  adoptive  I  i:i"ain  i  t  v  .  In  vitro  n- - pens  i  vi  ne-s  ii|  i.i  .u  cell  prep  ir.i  I  i  on  ■- 

correlated  well  wi  tii  in  vivo  proluri.ive  ellic.uy. 

I’uh  1  i  ca  1 1 1'ns  :  (llin.  Re.s.  2(1:54,  53'i,  Ih.'d  (.ib-' 1 1  ai  l .- ) 

Terminated  sinn:  FV  1973  fundlnr.  will  hi-  iridcT  'll,.'  Surg.'or.  llene  ra  1  ,  At;..v. 

New  I’lojeet  No.  i.'\062  1  lO.ifi  14 ;  Acre:.;  Ion  M-i.  I'A 
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lask  No.  1W662711A096  02:  Prevention  and  Treatment  of  biological  Agent 

Casualties 

Work  Unit  No.  096  02  010:  Humoral  and  Cell-Mediated  Factors  In  Immunity 

to  Militarily  Important  Diseases 

Descriotion : 

To  evaluate  the  contribution  of  humoral  ant  ceil-tiodiatcd  i.t.tune 
ri.':., ponses  in  resistance  to  experimental  irfection. 

As  one  phase  of  a  program  concerned  with  humoral  and  cell-mediated 
aspects  of  protection  against  infections  disease,  studies  were  desigviuu 
CO  evaluate  the  protection  conferred  by  passive  transfer  of  antiserum  and 
of  immune  ceil  preparations  to  a  susceptible  host  infected  with 
Venezuelan  equine  encephalomyelitis  (VEE)  ,  a  group  A  arbovirus. 

Passively  transferred  antiserum  administersd  by  intraperi toneai  (IP) 
injection  protected  mice  of  inbred  strains  C37  and  C57  BL/6  against 
simultaneous  subcutaneous  (SC)  infection  with  100  LD50  of  virulent 
Trinidad  strain  VEE  virus  (Table  I).  Antiserum  therapy  was  equally 
effective  for  intact  mice  and  immunosuppressed  mice  that  were  neonatally- 
thymectomized  or  pretreated  with  anti-thymocyte  serum  (ATS). 

TABLE  I,  EFFICACY  OF  LMMUNE  SERA  IN  PROTECTION  OF  NORMAL  AND 
L'lFnjNOSUPPRESSED  MICE  AGAINST  VEE  VIRUS  CHyNLLENGE^V 


IMMUNOSUPPRESSIVE 

TREATMENT 

SERn-t 

PKOPHTLyAXlS- 

NUMBEK/GNO'U;^ 

VliL  (..iiAi-LJ -Noll 

None 

None 

40 

,00 

Nor:r.al 

40 

100 

inununo 

4i) 

Thymectomy 

None 

0 

• »  r 
lU' 

Normal 

' 

■  ■■  ' 

Immune 

10 

C) 

An  t  i  - :  h  y .-.i  0  c  >■ ':  e  S  e  r  u;;. 

None 

'.lO 

•.  ■ 

(ATiy 

Nor  null 

^  ■ 

I'/.miurn. 

a.  100  iiJ,-.,  virulent 

\aii,  viru^^  i.‘;OCulate. 

i  sc  .it 

:  ...  1  ^  . 

b.  SuiTuii  .’....nurtured  IP. 
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1?  Injccclon  of  6-9  x  10  Immune  spleen  ceils  that  vere  harvested 
fror,;  uonor  mice  7  days  after  Immunization  with  attenuatac  Vhl'.  virus  were 
also  capable  of  preventing  Infection  (Table  11).  Intact  Immune  cells  were 
required  to  demonstrate  the  protective  effect;  washings  from  Intact  cells 
.uiJ  aonically-dlsrupted  cells  (100  watts,  30  sec)  had  no  protective 
properties,  indicating  that  preformed  antibody  was  not  the  active  factor. 

TABLE  II.  uiEECT  OF  INTACT  IMMUNE  SPLEEN  CELLB,  SUPE!U:ATANT  WASHES  OF 

IMMUNE  CELLS  OK  DISKUPTEU  IhS'fUNE  SPLEEN  CELLS  IN  MICK  INFECTED 
SC  WITH  100  LD50  VIRULENT  VEE  VIRUS  AT  THE  TIME  OF  ADOPTIVE 

..  .  ^ 


RESPONSE  OF  RECIPIENTS  TO  VEE  CHAL]a.NC:E 


Death/Total  Moitaiity  1 


None 

40/40 

100 

Normal  spleen  cells 
(5-9  X  10') 

40/40 

100 

Immune  spleen  cells 
(6-9  X  107) 

6/40 

15 

Wash:ng  from  immune  cells 
ml) 

10/10 

100 

Sonic.illy-dlsrupted  immune  cells 
(5-7  X  10") 

10/10 

100 

The  rapacity  cf  imnu.it  apleen  cells  to  confer  adoptive 
timo-dopendent  function  (Table  III).  Coils  iuirveKt..;d  7- 
concr  imr.iunicatior.  pcs.scasoj  maxTmuni  antiviral  activity; 
after  immunization,  essentially  no  activity  was  aumonstr 

i  .‘ll  !i  U 1 1 1  U  y  W  il  S  li 
J 3  cays  after 
within.  25  da 
ab  1  e . 
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TABLl'.  III.  ACTIVITY  OK  IMMUNE  SPLEEX  CtLI.S-'^  OUTAIXEi;  AT 

VAKIOUS  TIMES  FOLLOWING  IMMUNIZATION  Or  MICE  WITH  ATVENEATED 
VEE  VINUS 


DAY  OF  CELL  HARVEST 
PUSTTMMUNIZATION 

RESPONSE  OF  RECIPIENTS 

TO  VLiC  Cli/d.LENGE-^ 

Death/Total 

7,.  Mortality 

4 

6/10 

60 

6/40 

15 

8 

2/20 

10 

iO 

2/15 

i  j 

13 

2/15 

13 

25 

23/29 

79 

a.  6-9  X  10^  spleen  cells  injected  IP  at  time  of  chnllenge  with 


virulent  VEE  virus. 

b.  100  LD^g  virulent  VEE  virus  inoculated  SC. 


Protection  conferred  by  adoptive  transfer  of  immune  cells  was  a 
specific  immunologic  phenomenon.  Spleen  cells  from  mice  iimnunlzad  witl. 
attenuated  Semlikl  Forest  virus  (SF)  or  with  TC-83  protected  against 
only  the  corresponding  virulent  strains  (Table  IV) . 

TABLE  IV.  SPECIFICITY  OF  ADOPTIVE  IMFOiNITY  CnSFEKRED  BY  IMMUNE  SPLEEN 
CELLS  FROM  DONORS  IMMUNIZED  WITH  SF  VIRUS  OR  VEE  VIRlS 


RECIPIENT  , 

TREATMENT  DONOR  CELLS-' 

HESPuNSE  TO  VIRtLENT  Fi, 

SF  (100  VEE 

("ii'iO  1 

None 

10/10 

Immune  Spleen  VEE 

9/iO 

l/io 

cells  SE 

Z/IG 

.10/  ['■ 

a.  Immune  spleen  cells  harvested  7  days  after  donor  :  ru.:. a 

3  X  10^  I'EL  of-attenuated  VEE  virut.  or  ol  atLcnuaLeii  M'  vir,..- 
(A-774  sfi-Liin);  6-9  10^  doner  cells  arh'.Av.istt  rod  IP  at  t ;  r  i  o . 

challenge  with  virulent  strains  of  virus. 
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Antibody  responses  in  recipients  2,  4,  6  and  8  days  following  transfer  of 
immune  donor  cells  were  not  significantly  different  from  those  of  normal 
spleen  cell  recipients  or  of  untreated  mice.  Indicating  that  a  secondary 
antibody  response  by  donor  cells  was  not  responsible  for  the  protective 
activity  (Table  V) . 

TABLE  V.  ANTIBODY  RESPONSES  TO  SC  CHALLENGE  WITH  100  LD50  VIRULENT 

VEE  VIRUS  IN  MICE  SIMULTANEOUSLY  TREATED  WITH  IMMUNE  OR  NORMAL 
SPLEEN  CELLS. 


■LM'.l-^PLRITONLAI, 

TREATMENT 


2  Days 
HI  CF 


RECIPROCAL  ANTIBODY  TITER-'^ 


4  Days 


HI  CF 


6  Days 
HI  CF 


8  Days 
Ill  CF 


None 


<2 


10  <2 


ND  64 


1280  256 


“  <2  160  32  1280  126 


Immune  spleen  cells 
(6-8  X  10'  in  0.5  ml) 


10 


20 


160  32 


640  128 


a.  HI  =  Hemagglutination  inhibition;  CF  ■  complement  fixation 

b.  KD  *  Not  tested 

To  evaluate  the  role  of  interferon  in  adoptive  immunity,  mice  were 
treated  with  interferon  (2500  units)  or  with  Poly  I:C  (100  ug/dose)  to 
induce  production  of  interferon  (Table  VI).  Significant  protection  against 
challenge  was  observed  only  in  mice  treated  with  Poly  I:C  adinini stored 
1  day  before  and  at  time  of  challenge,  suggesting  that  a  mechanism  other 
than  Interferon  production  was  primarily  involved  in  the  cell-mediated 
response.  These  studies,  however,  do  not  exclude  a  role  for  interferon 
in  protection. 
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T<^LE  VI:  EFFECT  OF  POLY  I;C  OK  PASSIVELY  iV)MlNi:.S'ii:RED  INTERFEKOK  OK 

SURVIVAL  OF  MICE  INFECTED  SC  WITH  100  Li)3o  VIRULENT  VISE  VIRUS 


TREATMENT 

IP  DOSE 

RESPONSE  TO  VEE 

CHM.L1’NCE 

Day 

-1 

of  Treatment^./ 

0  +1 

Oead/Tested 

Mortality  % 

Interferon 

2.5  X  10^ 

15/15 

iOO 

units 

Poly  I:C 

100  yg 

lA/18 

7S 

100  yg 

3/12 

67 

iOO  yg 

100  yg 

15/24 

62 

100  yg 

2/24^1/ 

S 

a.  Day  0  ■  tlma  of  virus  challenga. 


b.  Difference  between  last  2  treatments  significant :  <0.001,  i-Tost. 


That  immune  spleen  cells  were  specifically  sensitized  to  VKE  ^uitii„oa 
was  demonstrated  by  an  in  vitro  lymphocyte  stimulation  test.  Colls 
harvested  7-10  days  after  donor  immunization  exhibited  a  maximan.  rosponsu 
to  stimulation  with  a  Y“irradiated  preparation  of  VEE  virus  (fable  VII). 


TABLE  VII.  RESPONSIVENESS  OF  IMl'lUNE  SPLEEN  CELLS  TO  VUE  M'TIuEK  AS  A 
FUNCTION  OF  TIME  FOLLOWING  DONOR  iEDlUNIEAflON 
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-luj  reiioclon  was  antigen-specific  in  thut  no  stlmulati^'n  occurred  upon 
exposure  to  a  Y-irradiated  preparation  of  SF.  It  is  noteworthy  that 
jn  vitro  reactivity  correlated  closely  with  ^  vivo  an*:  .viral  activity  oi 
immune  spleen  cells  (Table  III) . 

Further  experiments  were  performed  to  determine  if  thymic-derived 
lymphocytes,  known  to  be  corrwlatwJ  with  cell-mediated  immunity,  were 
responsible  for  these  in  vivo  and  vitro  findings.  In  these  studies 
spleen  cells  were  harvested  7  days  after  inununizatlon  with  attenuated  VEF 
virus  and  treated  with  complement  and  various  cytotoxic  antisera.  One 
aliquot  was  employed  for  Ija  vivo  passive  transfer  experiments  and  another 
iji  vitro  iympnocytt'.  stimulation  with  specific  antigen  (VEE)  or 
ncaspecif ic  mitogens,  staphylococcal  enterotoxin  b  (SEB)  and 
.;:'.ytoheiiUgylutinin  (dHA)  .  Trltiated  thymidine  incor,.or:ition  was  used  as 
an  index  oi  proliferative  responses  to  either  antigen  or  mitogen  (Tabic  VI 1 

TABLa  VIII.  CO;'!P...;.'I...\T-i:'aPtXDENT  EFFECT  OF  RABBIT  A.\'Tl-.v,oL!BE  Til V.'';ut:YTi: 

ilERi:,,  .-iOUl.L.  A.\TI-0  SERUM  OR  COAT  A.NTI-MOU'-E  Y-CIEuBL'Ei.N  w:\ 
PROTECT.:VE  C.‘\PAC1TY  AND  j[^  VITRO  REACTIVITY  OF  VEE  I.-'LMUNE 
SPLEEN  CELLS. 


SERUM 

TRLAmST 

PROTECTIVE  CAPACITY 
(Dead /Challenged) 

VEE 

VITRO  REACTIVir 

A  CPM  lO'^J 
,SEB 

1  — 

PliA 

.Normal  Rabbit  (1:4) 

1/10 

1700 

16000 

40000 

Rabbit  rVnti-.Mouse 
Thymocyte  (1:4) 

y/10 

200 

6000 

15000 

Normal  Mouse  (1:10) 

0/10 

2675 

KiOUd 

29,601) 

Mou,su  /\ntl-0  (1:10) 

7/10 

175 

.lOOi.'O 

5500 

.Normal  Coat  (1:5) 

0/10 

1550 

4  2506 

....aOU 

Goat  /Ynti-Mouse 

0/10 

1275 

6000 

.)eli.)t.'0 

Y-globulin  (1:5) 


a.  Ditiorence  in  between  s  t  ii;,u  i led  .inu  nonsti.  ul.iieu  1  y;:.i)hocy  to,-. , 

stimulation  by  treatment  with  VilE  antigen  and  Sa:.v  or  I'ltA. 

Ta  v-tr.^  protective  activity  and  ii~.  vicrc  respor.a  i  vei'iLrs:-  to  \'..'L  a.  t 
wa.s  virtually  ubcl.;:hcd  by  treatment  v-.'irh  ATS  or  .i.nti-.,  seru;".  0:\  to.o  ot..e 
."..ine  ,  t  rcatr.-c'r.  t  ct  cella  wicn  .int  i-r.ieuue  -.,..obal  i  r.  aic  not  .iltor 

V :  eo  pratecLtvt  .ictiN’iiV  or  vi  t  lo  respinisi  venoa.s  ...  ■a. tiger,  or  Ll- 


buL  .'•Ii:.,  ri-.n.'L  1  V  1  tv  'it-pi  .  ‘  o  :v,i  LiJjii-v.  1  v  .i,i  .  v  i  t  v 

01'  SlOli  al'l'tiLis  bot:ii  hono-H'.arrow  iior ivt.-u  vvi.  ..  (li-L-olls)  .ni.l 

1  vi.ii.iioi  y ti.'o  (■)'- CO  1. 1-'. )  111  c.oiit  r.is I'llA  wi-,  i  >  1,  .ic:. 

T-ct'lls,  thl.’^Jc  I’liidiii^.s  imlic.Mio  that  tin.,'  .•  in  i  ni.ir  i  1  v  rL'spuii-- ii)  ic 

for  the  hi  .'■liU’il  iii.iiuine  respotiMi;  to  VKI'.  .intli^fii,  .i.-..!  lof  _hi  visC' 
protcc.iion  iifiordcai  an  adopt  Ivc  hunt. 

SiiiiiiiiiU'y : 

J’a.sslvc  ti'auriici'  ol’  ant -i -JO  turn  or  splcfon  (i-ll'.  i  roi:,  i  •'.Mi.r.i  ih  iv  i 
non  f'oTi'o  J  ndopt.ivi'  ii-.munlty  to  inbrea.  re.  i  p  i  en :  :;.icc. 

iiiyi'i,i,..''i:c|ici.nc.aL  .!  yrapliocy  tun-;  wore;  dt.'.i..i)roi  L ra;.i  ..  tii  bi,-  r  n  „i  r  i  . r  i' n.,.-,.  :  n  . 

lor  CO  li-iacuiutcnl  ,ji'ui-eci;.ive  activity  wtucl.  b..  i  ..im.  '-.i/;  i  i- .i  i  d.i-'. 

following  ill, i:. uni  t  ion .  1  iu,--vU;  ror.  wat^  cxclu-.cd  ,,.s  a  .s  L,c:;  i  i  i  ..ii ; 

in  cc  1  1 -liiou  ....t,;;:  n.-.'Oct.-,  o'  .Klopt  I  VC  i  aii.nn  I :  v  ;i  ,  •  n  ■.  t  :.c 
of  inuviuoc  i:cl  .i  p  ft  |.ara  t  ;  on;.,  co  rrc‘.l.,'itca  '«tii  w.iii  It,  v  ;  •■.•a  pictuv  i  >• 
of  I' 1  racy  . 

I’ru a c! nLati  on.-j : 

1,.  Kablnowltz,  S,  and  K',  11,  ,>,dlt:r,  11  i ,  llo.si,  ,iol't'iis,c.'^  'in;  iny. 

Vvnvi.’.ueiun  tviiiinti  cncvphuloinyc'li.  tis  virus  In;  net  ion  in  rticc'.  ih-i'.-n-n  t  ;  i 
Southern  Section,  .ii.icricnn  I'eilcration  ior  Ciinlc,*).  bcf-c,:  i  c.h ,  .ic',,’  Orican.-,, 
La.  27-:9  January  ]y7J. 

2.  Hub  ir.awitz ,  S .  .iiui  Iv.  11.  AdLei,  111.  bo;  i  ,ic ;  n.r;i.,.;  prir-.oi 

Venezuelan  c.yu.ine  c nceplialoniyelltls  vlru.s  iiucctioa  m  nico.  Prt..‘;cr. t cu  , 
Joint  'Mc.etinj,,  .\r„er.icun  Fi'ileration  fur  Clinical  Kc.>can:ii,  Aiiici'ivan  bocici 
ior  Clinical  Investiipit  Ion  and  Ancrican  Assiv  .a  L  1>  i-t  I’ay.-.i,  ..ai,- , 
Atlantic;  City,  .'i .  J  .i'J  April  -  i  .’'..i','  i'i,'.:. 
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reduction)  by  peripheral  granulocytes  remained  the  same  throughout  the  observation 
period,  l.e.  unaffected  by  diet  or  Infection.  Bactericidal  activity  was  unaffected 
by  diet;  however,  evidence  of  Impaired  activity  following  VEE  infection  was  observed 
In  only  1  of  7  hypercholesterolemlc  animals,  but  In  5  of  8  monkeys  on  a  control  diet 
and  In  3  of  5  on  a  semisynthetic  diet. 
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Therefore,  studies  were  designed  to  evaluate  the  eliects  in  rhesus 
monkeys  of  hypercholesterolemia  on  resistance  to  viral  iniection  and 
to  sub  lethal  intoxication  and  on  immunogenic  responses  to  living, 
attenuated  bacterial,  rickettsial  and  viral  vaccines.  The  schema  for 
experimental  approach  is: 

(1)  Preliminary  study  phase  -  Twenty-four  rhesus  monkeys  that  had 
no  staphylococcal  enterotoxln  B  (SEB)  antibodies  were  paired  according 
to  sex  and  weight  and  maintained  on  Purina  monkey  diet.  One  animal  in 
each  pair  was  immunized  with  SEB,  Lot  14-30;  the  1st  dose  (1  pg  SEB/kg 
weight)  was  injected  intravenously  (IV)  on  day  0  and  the  2nd  dose 
(10  pg  SEB/kg)  on  day  7.  Within  12  hr  after  the  lO-ug  dose,  25%  of 
monkeys  died  with  signs  of  fatal  anaphylaxis.  Matched  substitutes  were 
chen  ir.imunlzed  in  a  like  manner.  All  monkeys  developed  hemagglutinins 
(HA)  but  only  50%  had  precipitins.  Consequently,  a  30-pg  booster  dose 
was  administered  intradermally  1-4  mon  after  the  2nd  iujection.  Severe 
Arthus  reactions  occurred  at  the  site  '  i  Inoculation  in  all  animals, 
and  within  1  week  all  monkeys  developed  high  HA  titers  (geometric  '.tean, 
1:1400)  and  precipitin  titers  (geometric  mean,  1:3),  To  provide  the 
basis  for  evaluating  dietary  effect  as  well  as  host  responses,  blood 
samples  for  the  studies  shown  in  Table  I  were  collected  during  this 
interval. 

TABLE  I.  PARAMETERS  OF  EXPERIMENTAL  STUDIES. 


CLINICAL 

Total  white  blood  cell  counts 
Differential  counts 
Packed  cell  volume 


BIOCHEMICAL  IMMUNOLOGICAL 

Blood  cholesterol  Phagocytic  Index 

Leucocyte  metabolic 
activityi'^ 

Iinmuno  gi  ob  ul  1  n 

Complement 

Beta  lysins 

Specific  antibodies 


a . 


Measured  by  nitroblue  tetrazolium  dye  reduction 
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iitabtl  izatlon  pliasi*  -  Miinkoys  wore  a.  .^ijineeJ  to  3  groups  ol 
8  animals  oach;  h  In  each  group  weru  Immune  to  SKB.  Croup  I  was  maintained 
on  a  standard  primate  diet  (Wayne,  Allied  Mills,  Chicago,  lll.)>  'irid 
Croup  II  on  a  semisynthetic  control  diet®  to  provide  an  Internal  control 
on  the  effect  of  atherogenesls ,  Croup  III  animals  were  fed  the 
atherogenic  test  diet  formulated  by  Armstrong®  (General  Biocheinicals  Gorp., 
Chagrin  Falls,  Ohio).  Within  8  week.s  blood  cholesterol  values  became 
stabilized  at  593  +  96  mg/lOO  ml  for  monkey.s  In  Group  III  and  ai  193  +  17 
mg/100  ml  and  135  £  6  mg/100  ml  for  Groups  I  and  II  respectively. 

v'j)  ■  Lj  .1. ,1.1  challenge  phase  - 

a)  XonfaCal  viral  infection  (Venezuelan  equine  encephaio.-'.yel  it  is , 

Vdh)  . 

b)  Sublethal  Into.xication  (SCP.)  . 

c)  Kesponse  to  living  attenuated  bacterial  vaccine  sub.sequont 

challenge  (Francisella  tularensi-s)  . 

d)  Response  to  living  attenuated  rickettsial  vaccine  and 
subsequent  challenge  (Coxlella  burneti). 

e)  Response  to  living  attenuated  Yellow  fever  (YF)  vaccine  (17-1)) 
and  subsequent  challenge  (Asibl  strain,  YF  virus). 

All  monkeys  were  infected  subcutaneously  (SC)  with  412  PFU  of  Trinidad 
strain  VEE;  clinical,  biochemical  and  immunological  parameters  of  response 
were  examined  prior  to  challenge  and  daily  for  14  days.  During  this  period, 
a  total  dose  of  50  mg  of  supplemental  Imferon  (Lakeside  Laeoratorica ,  inc... 
Milwaukee,  Wisconsin)  was  injected  intramuscularly  (IM)  to  prevent  depletio.. 
of  iron  stores  by  repeated  bleedings. 

.Severity  of  clinical  illness  was  essentially  the  .^.ame  for  ail  y>rou,:.'.  . 

All  animals  wer,  vii'cmic  from  day  i-4  and  most  through  day  5  pos  t  inovu  Lai  i  u.. . 
ail  were  febrile  and  the  majority  exhibited  a  Diphasic  reKionse.  lota)  anc 
differential  leucocyte  counts  and  packed  cell  voiume.s  (PCV)  .sheue...  no 
significaiit  between-group  differences,  lilood  c'.iole.steroi  vaii.cs  were 
maintainec  at  essentially  prechailenge  concentrat  ior.s . 

9 

rhe  tec'nnique  o:  Quie,  et  a.l  .  was  employed  to  measure  p;:.;.  ocy  r ;  c:  ar.c 
bacteric:id;il  ..crivity  of  peripheral  leucocytes.  During  preliminary  aiu.  cit.. 
stabilization  phases  no  significant  changes  in  phagocytic  occunn'e. 

bactericiuai  activity  in  Group  I  and  II  monkeys  v.as  likewise  unaiic^vec 
(Table  II).  a..ctoricidai  activity  in  Group  111  animals  .ippcared  ti.  ..ecr..',.;., 
when  they  became  hyperchuiesteroiemic ;  however,  the  group  mean  di..  r.ct  v.i.i..r 
slgniiicantiy  i^t  teat)  from  the  predietary  mean  or  from  tile  ir.tar.s  o;  . 

or  semisynthe tit  diet  groups.  Unusually  high  a..y-t..-day  Variability  of  \..faes 
for  iHciViCua.  anim..iS  'was  note.[l. 
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TABlL  il.  PMN  BACTERICIDAL  ACTIVITY  AGAINST  S.  AUREUS-^ 


GROUP 

MONKEY 

NUMBER 

PRELIMINARY 

DIET 

STABILIZATION 

%  Kill 

Mean  + 

SEM 

Z  Kill 

Mean  + 

SEM 

Control  Diet 

Bill 

66 

70 

(Wayne) 

A817 

74 

70 

E192 

80 

63 

1.131 

79 

71.4  + 

2.4 

82 

72.6  + 

3.4 

D150 

75 

85 

B126 

66 

71 

El  65 

61 

58 

A891 

70 

82 

Sumisynthetic 

B175 

70 

73 

Diet 

E179 

83 

77 

B188 

75 

60 

B152 

71 

73.6  + 

3.3 

70 

65.5  + 

2.7 

B164 

79 

61 

B135 

50 

53 

B185 

32 

65 

B151 

79 

65 

Hypercholeater- 

B161 

83 

38 

olemic  Diet 

B109 

71 

55 

3189 

86 

54 

B184 

62 

70.4  + 

4.9 

44 

56.1  + 

4.0 

B171 

70 

64 

B140 

42 

55 

B170 

72 

73 

B1A8 

77 

56 

a.  3.0  -  3.5  X 

10^  s.  . 

aureus  and  by 

5 .0  X  ; 

10^  PMNVml; 

pooled 

monkey 

serum  opsonin,  1:125  fina]  dilution. 


Following  VEE  challenge,  phagocytic  capability  appeared  to  be 
unimpaired.  Bactericidal  activity  for  individual  monkeys  is  shown  in 
Table  III.  It  should  be  noted  that  typical  leukopenia  followed  VEE 
challenge;  consequently,  during  the  period  of  maximal  illness,  a  number 
of  samples  were  inadequate  for  testing.  In  addition,  approximately  i0/„ 
of  samples  could  not  be  evaluated  for  various  technical  reasons  such  as 
contaminated  media,  tube  breakage,  etc.  Regarding  those  .-inimals  for  which 
-afi*cie;it  dati^  were  available  (at  least  2  determinations  within  5  days) 
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TABl 


:n2iT  KI'AC/.'lON  nV  PYKiOlNE  EXTl^ACT.S  OF  Pi^RIPilEXAi.  OlsAXUI.OCV  :t:S 
iii'FORF  A.V2  iVFitR  INFFCTION  WITH  VLK  VLiVbS. 
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5  oi  1  i'.ionkeys  on  control  diet,  3  of  5  on  seiv.i.synuhetic  diet  and  3  of  7 
hypercholesterolcmic  anlmaln  ex:.tblted  impaired  baoturicidal  activity 
(i.e.  less  than  half  of  the  baseline  value). 

The  nitroblue  tetra.jolium  (NBT)  dye  reduction  test^*^  was  employed 
ns  an  ^  vitro  measure  of  PMN  metabolic  activity  prior  to  and  4-5  days 
after  VKK  challenge  (Table  IV).  No  significant  differences  were  noted 
between  dietary  groups  or  within  a  dietary  group  pre-  or  poctlnfection. 
Unlike  results  reported  for  human  peripheral  granulocvtes , iniicstiou  of 
latex  particles  did  not  increase  NUT  dye  reduction  by  monkey  ^’ranuiocy tes . 

Kvaluaiion  of  serological  parameters  of  response  (complement, 
ir.v'.unoglobuiin ,  spocific  antibody,  etc.)  and  expo.sure  to  intoxicati cr. 
stage  of  sequential  challenges  is  in  progress. 


Surrrmarv; 


Studies  were  initlateo  to  evaluate  the  effect  of  hypereno i cs t ero; e^.i a 
upon  host  respon.ses  to  immun i ;:at ion  and/or  iniection-intoxic.iL  iv'jn. 
Following  infection  of  rhesus  monkeys  by  a  non-ratal  viral  illness  (VEIi) , 
clinical  responses,  e.g.  fever,  viremia,  etc.,  were  similar  for  control 
and  hypercholesterolemic  animals.  Phagocytic  activity  and  in  vi  tro 
metabolic  activity  (NET  dye  reduction)  by  peripheral  granulocytes 
remained  the  same  throughout  the  observation  period,  I.e.  unaffected  by 
diet  or  infection.  Bactericidal  activity  was  unaffected  by  diet;  however, 
evidence  of  impaired  activity  following  VKE  infection  was  observed  in  only 
1  of  7  hypercholesterolemic  animals,  but  in  5  of  7  monkeys  on  a  control 
diet  and  in  3  of  5  on  a  semisynthetic  diet. 
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Vaccine  Against  ."“lagut 


Deser iption : 


Determine  the  factors  influencing  tno  sesceptibii i ty  to  plague 
infection  and  tne  most  appropriate  method  to  prevent  tiu'  infection. 

Progress.  Pan  I: 

Studies  on  the  clinical  and  serological  response  of  man  to  multiple 
plague  irmr.unizations  have  been  completed. 

T.he  immunization  records  of  1,219  persons  who  had  received  from 
1  to  51  plague  inoculations  during  a  21-year  period  were  reviewed. 

Data  reflecting  the  number  and  amount  of  vaccines  administered,  and 
the  occurrence  of  local  and  sy.stemic  reactions  experienced  as  well  as 
the  severity  and  duration  of  the  reactions  were  analyzed  for  each 
individual.  The  group  received  18,768  inoculations  of  3  distinct  killed 
plague  vaccines  during  the  period  1950-1971,  During  this  period,  350 
(28. 7S)  individuals  had  959  (5.1%)  local  reactions  and  241  (19.8%) 
experiencea  426  (2.3%)  systemic  reactions.  A  disproportion  .ly  hig:i 
percentage  of  persons  receiving  che  vaccine  administered  u.  . inp  tlie 
early  I950's  had  adverse  local  (77.2%)  and  systemic  (50.0%)  roac C ior.s . 

The  respective,  reaction  rates  for  the  presently  employed  plague  vaccine 
were  14.5%  local  and  3.2%  systemic. 

There  appeared  to  lie  a  direct  dose-response  relat  fonsiiip,  with  doth 
types  of  reactions.  Reactions  occurred  approximately  3  times  more 
frequently  following  the  administration  of  either, 1.0  or  0.5  ml  of 
vaccine  as  compared  with  booster  Inoculations  of  %  0,25  til.  Approximatcj - 
80%  of  all  reactions  were  mild  and  of  short  duration,  1  2%  hr.  toong 
tliose  individuals  experiencing  citner  a  single  marked  reaction  or 
multiple  mild  reactions,  reduction  in  tire  volume  of  vaccine  and/or  tc.e 
administration  of  medication  witn  subsequent  inoculations  of  plague 
vaccine  dia  not  markedly  alter  t.ie  i requency  of  tiie  severity  o; 
additional  reactions  in  those  persons. 
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When  the  rcBulcu  of  thlti  study  were  compared  with  me  resuiLs  of 
foreign  studies  involving  tite  use  of  living  attenuated  niagu:  vaccines, 
there  was  no  question  as  to  superior  acceptability  of  tIte  killed  vaccine. 

The  frequency  and  severity  of  both  local  and  systemic  reaction  resulting 
from  the  routine  administration  of  the  living  attenuated  plague  vaccine 
were  excessively  high,  i.e.  Alekssndrov  et  reported  the  occurrence  of 

plague  immunization  reactions,  in  100  individuals,  98%  had  local  reactions 
lasting  2-7  days  and  66%,  systemic  reactions  with  loss  of  working  capacity 
i  1-  , 

..n- .rcLt  .\e.-..^^;iutination  titers  for  Fraction  1  antigen  of  V.  pc.se is 
>.  ..w r;-,ir.cJ  on  sera  collected  from  117  individual.!  receiving 

plague  tnur.uniiations  during  a  20-year  period.  Three  distinct 
oi  intiboay  r«_cponse  were  observed.  One  ^  roup  of  6s  i.ad  higr. 
w*..uruc  antibody  (1:1, C14  -  >  1:16,362).  A  2nd  group  of  23  persons  .nad 
t^..ji.jtunt  titers  ranging  from  1:64  to  1:512  and  a  3rQ  group  of  10,  iaileu 
to  produce  lilA  antioody  in  titers  >  1:16. 

Every  individual  regardless  of  the  group  to  which  he  belongea  attained 
an  antibody  plateau  after  approximately  5  booster  inoculations  which 
remained  level  regardless  of  subsequent  immunizations.  Cessation  of  plague 
imaunizatlon  for  periods  of  up  to  5  years  were  not  reflected  in  a  decline 
of  antibody  titers  in  those  individuals  who  had  attained  a  stable  antibody 
plateau.  Failure  to  inununlze  for  periods  of  from  c-12  years  resulted  in 
a  slow  decline  in  antibody  levels  In  the  later  years  although  in  no  instance 
did  an  individual  become  negative. 

There  was  no  correlation  between  IHA  antibody  titer  and  the  predis¬ 
position  to  adverse  clinical  reactions  upon  immunization.  A  gross  shift 
in  titer  could  not  be  associated  with  the  occurrence  of  a  local  or  systemic 
reaction  to  a  given  inoculation. 

On  two  occasions  the  appearance  of  spikes  in  the  titers  of  small 
groups  of  individuals  unrelated  to  immunization  indicate  the  possible, 
accidental  exposure  to  virulent  If.  pcstls.  These  antibody  spikes  returned 
to  base  plateau  levels  for  all  involved  individuals  within  18  mon.  Sub.se- 
quent  inoculations  of  plague  vaccine  did  not  induce  higher  antibody  levels 
in  individuals  of  this  group. 

Summary,  Part  I: 

Repeated  Inoculation  of  plague  vaccine  resulted  in  5.1%  local  und  2.3% 
systemic  reactions.  Approximately  80%  of  both  type  reactions  were  mild  anu 
of  short  duration.  Stable  antibody  levels  were  ob.served  in  10?  of  117 
individuals  receiving  more  than  5  booster  inoculations  of  plague  vaccine. 
Each  person  attained  individual  antibody  plateau  which  ;ie  maintained 
regardless  of  the  number  of  subsequent  booster  inoculations  administered. 


21 


Progress,  Part  II; 

2 

Levi  end  Suciikov  have  demons trati'd  cite  cran.-jplacental  transmission 
o£  plague  antibodies  in  Rhombomys  optmus  (big  gerbils)  using  the  IHA 
test.  In  a  series  of  studies  in  this  laboratory  using  rats,  it  was 
observed  that  the  young  of  immunized  mothers  having  demonstrable  IhA 
antibody  titers  to  the  Fraction  1  antigen  of  Y.  pescls  had  circuiacinp 
IHA  antibody  and  were  refractory  to  challenge  with  virulent  pesti s 
strain  195/H.  The  surviving  young  did  not  show  an  anamnestic,  rise  in 
titer  due  to  the  c.*allenge.  The  young  of  mothers  who  had  not  responded 
to  plague  imraunization  procedures  with  demonstrable  IHA  antibody  did  not 
have  circulating  antibody  and  succumbed  to  challenge.  Nonimmunc  motners 
who  ate  their  challenged  young  died  of  plague. 

Using  a  foster  mother  model  involving  the  offspring  of  iinmiune  and 
nonimmune  mothers  showed  Chat  passive  protection  is  afforded  through 
nursing.  Within  a  21-uay  period  the  antibody  level  of  the  young 
resembled  that  of  the  foster  mother  rather  than  the  natural  mother. 
Challenge  experiments  are  underway  to  determine  the  duration  of  passive 
immunity  after  weaning  and  the  onset  of  immune  co.'npetencc . 

Summary,  Part  Hi 

Mewborn  rats  of  immune  mothers  had  circulating  antibody  and  survived 
challenge  with  virulent  pest is  195/?.  The  young  of  mothers  who  did  net 
respond  to  plague  immunization  procedures  showed  no  evidence  of  passive 
immunity. 

Progress,  Part  III: 

3 

Peysakiiis  and  Shrauter  reported  the  use  of  tac  inoirt  et  huiiiagSJ.ut 
nation  inhibition  (IHAI)  test  for  the  detecti:»n  o:  Fraction  1  in  cultures 
of  Y^.  pestis  and  in  the  tissues  of  animais  dead  or  plague.  In  oraer  to 
evaluate  this  procedure  and  to  compare  it  wit,-  tne  serum  agar  cecnni.,ue 
of  Albizo  ant  iurgalla'*,  a  series  of  experimo.its  were  conductea.  Prelii..- 
inary  tests  tc  determine  tae  effect  oi  various  chemical  ster Hants  on  tno 
sensitivity  and  reproducibility  of  the  I'ii/M  Cost  revealed  that  bo  mg/iaJ.t* 
sodium  azide,  saturateu  C4ilorc'forTn  saline,  lo:.  neatrai  lormciin,  anu 
lOi  pnenol  saline  aid  not  advereseiy  ailcct  tno  te-'t  proceuure.  .-.eatLCg 
to  t)5  C  for  Is  min  or  to  ioO  C  ior  1  min  corip.eriui)  dcstroyeu  tae  lu.iiDi- 
tory  activity  or  puriricd  Fraction  1  and  tne  .’racrion  1  assocracou  wiin 
waole  bacterial  suspensions. 

Tests  uaing  ilocx  titration  tecnuicues  r  en  Ilu  i  y  a-  iLL..e 

as  OiOio  ug  o  1  pu.'.i  A eu  Fraction  1.  r>i;r.iitr  test.^  using  .^.xiea  (''....■a*'.' 
vaccir.vj,  ub.',  lere  positive  f.'r  i.ilutior.s  cc  ;  .ain.r.y  ns  .  W.  b  .f- 

.  .  avijtu.es  A'(’ntvi.vi.ii4^  .4. 

-.avoia  or  r.  .r  riAV.'.  a,  gviVe  negative  tA’sr 


A  a 


Routine  scrtciiini;  of  aunpeiislons  o£  ouituresi  cone.  ^Oing  approximotisly 
i  X  lO’  bacteria  h.ive  ilui.ionat rated  ciie  practicability  Llio  lllAl  test; 

100  wild  strains  of  Y.  nestis  gave,  positive  tests,  8  strains  of  pest  is 
known  to  be  deficient  or  lacking  In  traction  1  gave  negative  tests  as  did 
15  strains  of  Y.  pseudo t ah erculos Is.  The  results  obtained  to  date  indicate 
that  the  lllAI  test  for  the  detection  of  F-1  antigen  of  Y.  pestls  is  more 
rapid  and  economical  of  scarce  reagents  man  the  serum  agar  techniques. 

.'i'il. Part  Tlli 

i'nc  liiAI  test  .las  been  snown  to  bo  a  simple,  rapid,  and  economical 
procedure  for  the  detection  of  iractlon  1  oi  pestis . 
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I'  TICNNICAk  eOJICriVC.*  14  ANNMACH.  14.  NH04NCM  /fymiaA  (MNNdbAl  AAMAtAfiAe  lAemtfftoA  Aw  "wAer  *>  sosA  gstutity  Cm's.; 

23  (U)  Develop  vaccines  of  low  reactogenlcity  for  Innunoprophy laxls  against 
specific  rickettsial  diseases.  This  work  unit  Is  an  essential  element  In  a 
comprehensive  program  for  medical  defense  against  BW  agents. 

24  (U)  Propagate  representative  strains  In  tissue  culture  systems.  Assess  the 
feasibility  of  producing  rickettsial  suspensions  of  quality  and  quantity 
suitable  for  vaccines  for  human  use, 

25  (U)  71  07  -  72  06  -  Five  lots  of  RIF-free  M  strain  of  Coxlella  burneti 
vaccine  were  produced  and  tested  according  to  USPHS  regulations.  They  had  a 
median  infectious  dose  for  eggs  of  10,7  logs;  no  fever  was  produced  when  0,5  ml 
of  undiluted  material  was  Inoculated  subcutaneously  Into  guinea  pigs.  The 
median  protective  dose  for  guinea  pigs  was  approximately  0,00005  micrograms  N; 
no  difference  was  detected  between  Phase  I  and  II  challenges.  The  vaccine 
strain  did  not  cause  an  Increased  incidence  of  hepatic  lesions  when  compared 

to  killed  vaccine.  A  request  to  administer  the  material  to  humans  has  been 
approved  by  AIDRB. 

The  SS  strain  of  Rickettsia  rlckettsll  was  freed  of  RIF  viruses  and 
redesignated  SSR  strain.  Working  seeds  were  propagated;  a  lot  of  vaccine 
suitable  for  human  use  Is  currently  being  produced. 


Terminated  since  FY  1973  funding  will  be  under  The  Surgeon  General,  Army. 
New  Project  No.  3A062 I10A834;  Accession  No.  DA  0B64L9. 
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Medical  Defense  Aspeet..s  of  lllological  Agents  fU) 

Prevention  and  Treatment  of  lilological  Agent 
Casualties 

Immunologic  Studies  with  Rickettsiae  of  Military 
Medical  Importance 


Description; 

Develop  vaccines  of  low  reac Cogenic ity  for  immunoprophylaxis  agaln.sL 
specific  rickettsial  diseases. 

Progress.  Part  I: 

Testing  of  5  lots  of  R-M  strain  Q  fever  vaccine  produced  last  year 
was  completed. 

The  attenuated  R-M  strain  of  Coxiella  burneti  is  intended  to  be 
administered  by  the  endermal  route;  a  single  dose  contains  a  very  small 
amount  of  egg  protein.  However,  the  problem  of  significant  numbers  of 
local  reactions  occurring  in  individuals  with  and  without  preexisting  antibody 
appeared  to  warrant  purification  of  the  vaccine.  The  procedure  developed 
utilized  only  physical  methods,  and  consisted  of  2  cycles  of  differential 
centrifugation  followed  by  centrifugation  in  10%  sucrose  onto  a  7G% 
sucrose  "cushion."  A  comparison  of  titers  andN  concentrations  is  presented 
in  Table  I.  The  titers  were  approximately  equal  in  all  materials,  but 
the  N  concentrations  decreased  greatly.  The  N  concentration  given  for  Lhc 
vaccine  is  below  the  sensitivity  of  our  assay  and  was  determined  from 
the  N  value  of  the  purified  vaccine  pool  and  tb.e  dilution  factor.  The 
reported  human  dose  is  0.1  ml;  and  it  has  been  e.stimated  that  perhaps 
1/10  of  this  actually  enters  the  skin.  Therefore,  the  N  value  of  a 
single  dose  would  be  about  0.005  ug  N.  When  0.5  ml  of  purified  unuilutea 
material  (10^®'^  median  infective  dose  for  eggs  was  injected 

subcutaneously  (SC)  into  guinea  pigs  no  temperatures  •  iOJ.S  F  were 
detected.  Table  II  is  a  compilation  of  4  potency  as.says  u.sing  the  nicuian 
fever  supporession  dose  (PD^q)  as  described  by  Ormsbee  et  al.^  a.s  an 
indication  of  protection.  Throughout  chose  4  a.ss.iys  no  fevers  were 
detected  when  tne  guinea  pigs  were  vaccinated  SI  with  dilutions  of 
froeze-drled  vaccine.  There  was  no  significant  difference  in  the  protection 
afforded  against  either  of  the  2  levels  of  phase  1  or  the  ptiase  i'i 
challenges . 

While  searching  for  an  improved  substrate  tor  the  vrowth  of  0.  iH’.rni,' 1 1 
We  tried  severa.  cell  cultures  which  were  being  proauced  in  cno  lanoratorv 
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for  other  purposes.  Since  penicillin  had  been  used  in  diluents  for  the 
production  of  C.  burnetl  we  incorporated  100  units  of  penicillin  per  ml 
in  the  cell  culture  media  and  diluent  fluids.  Briefly  our  results  showed 
a  progressive  number  of  Infected  cells  up  to  a  maximum  at  7-8  days  at 
which  time  the  cultures  degenerated.  Refeeding  decreased  the  number  of 
infected  cells,  and  of  course  Increased  the  length  of  time  the  cell  cultures 
could  be  kept  without  degeneration.  When  both  penicillin  and  streptomycin 
were  incorporated  no  rickettsial  growth  could  be  detected. 

TABLE  1 .  MEDIAN  EGG  INFECTIVE  DOSE  AND  ■  .^TENT  OF  R-M  STRAIN  MATERULS 


.'■u^TERLAL 

ug  N/ml 

seed 

11.6 

ND 

Working  seed 

10.9 

ND 

Volk  sac  pool 

11.1 

620 

Purified  vaccine  pool 

11.1 

39 

Vaccine  (1:75) 

iO.4 

0.5 

ND  =  Not  done 

TABLE  II.  POTENCY  ASSAYS 

OF  R-M  SUBSTRAIN  VACCINE  LOT 

1  IN  GUINEA  PIGS 

_ .  CHALLENGE _ 

Phase  ^^^50 

I  10  4.3 

6  5.4 


11 


10 


4.8,  5.3 


This  fortutious  finding  was  used  as  tlie  basis  for  Liie  cell  culture  testing 
of  the  vaccine  for  adventitious  agents. 

A  list  of  the  testing  procedures  used  in  the  production  of  the 
vaccine  is  presented  in  Table  111.  Many  of  these  tests  are  prescribed 
by  PHS  regulations.^  All  the  adventitious  agent  te.sts,  except  the  RIP 
and  fluorescent  antibody  tests  for  avian  leucosis,  were  conducted  on  the 
purified  vaccine  pool  prior  to  filling  .and  freeze-drying.  A  single  blind 
pass  wa.s  conducted  14  days  posti noculation  with  1/2  of  the  suckling  mice 
originally  inoculated.  The  confluent  cell  cultures  (WI-J8,  duck  and  cliick 
r,,DrcL)ldsLs ,  ana  VMlilO  cells)  were  refed  with  material  from  the  purified 
pool  diluted  with  an  equal  volume  of  m.aintenance  medium  containing  20C  uni 
of  penicillin  and  200  .,.g  of  streptomycin.  A,s  previously  stated,  these 
conditions  would  not  support  the  growth  of  Lh./  rickettsia  in  any  of  the 
Cell  systems.  The  cultures  were  examined  daily  for  cytopathic  effect 
jud  refed  at  4-day  intervals.  The  cell  .sheets  wen  e-xamined  14  days 
postinoculation  with  guinea  pig  red  blood  cell.,  for  the  presence  of  agents 
capable  of  hemadsorption.  All  tests  were  negative  for  the  presence  of 
adventitious  agents. 

4 

Naturally  acquired  infections  with  pha.se  I  organisms  and  experimental 
infections^  have  produced  granulomatous  hepatic  lesions  in  huinans.  To 
determine  whether  the  M  strain  was  capable  of  producing  hepatic  lesions, 
guinea  pigs  were  inoculated  with  tne  present  killed  vaccine,  the  M  strain, 
the  phase  11  Nine-Mile  strain  EP-8d  strain  and  the  phase  1  Henzerling 
EP-2  strain.  The  experimental  results  are  given  in  Table  IV.  The  lesions 
found  were  either  focal  or  granuiomatous  necrosis  of  the  hcpatocy tes . 

Giant  cells  or  eosinophils  were  not  seen.  The  high  percentage  of  similar 
hepatic  lesions  (10%)  in  control  animals  which  were  inoculated  with  0.5 
ml  of  Synder's  1  buffer  indicato.s  the  incidence  of  disca.se  in  any  group 
of  guinea  pigs  not  derived  and  maintained  under  germ- free  conditions. 

Tlie  incidence  of  lesions  in  the  animals  given  the  killed  vaccine,  and 
the  M  strain  were  the  same,  and  the  incidence  with  the  EP-88  strain  was 
midway  between  the  prior  strain.s  and  the  phase  1  strain.  Speciiaens  were 
collected  from  tht:  onset  of  fever  Llirough  4  weeks  postinoculation.  The. 
potential  advantage.s  of  the  attenimted  K-N  strain  a.-  a  vaccine  over 
the  presently  availanle  inactivated  pliase  i  ana  11  products  are:  (i) 
these  presently  available  producl.s  liave  proven  to  be  effective,  but  if 
they  are  analogous  to  other  inactivated  product.s  repeated  inoculations 
of  ug  amiounts  of  material  are  neces.sary  to  maintain  detectable  antibody 
titers.  However,  with  repeated  injections  the  incidence  of  sterile 
abscosse.s  increases.  A  delivered  do.se  of  Lire  R-M  .strain  contains  protein 
In  tile  order  of  Imncredtlus  of  a  ..g,  and  ha.s  het.n  ustd  in  Europe  in  persons 
with  or  without  preexisting  antibody  with  the  ^.ami'  percentage  of  local 
reactions.  These  were  limited  to  erythema  and  induration  of  a  tran.sient 
nature;  (2)  a  given  amount  of  raw  material,  be  it  yolk  .sac  nr  ceil  cnli.ure 
can  be  used  to  produce  many  more  dose.-,  of  live  vaccine  than  inactivated 
product'.  In  an  emergency  situation  tliis  allow.-,  manv  do.se.s  of  vaccine  to 
bo  produced  and  large  lot  size.s  tested  to  decrease  the  lag  lime  in  the 
production  process. 


220 


TAiiLE  111.  TESTING  PROCEDURES  BY  PHS  STANDARDS 
STERILITY 

Bacteria 

Fungi  and  yeasts 
Mycobacterium  spp 

Mycoplasma  spp 
QUALITY 

Nitrogen  content 

Titer 

Potency 

Generay  safety 
Residual  moisture 
ADVENTITIOUS  AGENTS 

Mice-suckling  and  adult 
Cell  cultures 

Embryonated  eggs  (duck  and  chick) 

Avian  leucosis  agents 
IDENTITY 

TABLE  IV.  INCIDENCE  OF  HEPATIC  LESIONS  IN  GUINEA  PIGS 


GROUP 

NO . /TOTAL 

7. 

Control 

2/20 

10 

Q  fever  vaccine 
(killed  phase  11) 

2/10 

20 

M  strain 

2/10 

20 

EP-88 

4/10 

40 

EP-2 

6/10 

60 
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In  conclusion,  wo  have  derived  a  RlF-frcu  strain  of  C.  burnoti 
from  the  M  strain  which  we  have  designated  the  R-M  strain.  A  series 
of  lots  of  vaccine  suitable  for  human  use  have  been  produced  and  tested. 
The  dose  capable  of  protecting  50%  of  the  guinea  pigs  inoculated  contains 
a  calculated  amount  of  0.00005  ug  N;  the  incidence  of  hepatic  lesions 
W.1S  not  increased  over  that  observed  with  the  presently  available  killed 
phase  II  vaccine.  A  request  to  proceed  with  testing  of  thi.s  vaccine 
in  humans  has  been  approved  by  the  Army  Investigational  Drug  Review 
Board . 


.Summary,  H.srt  1: 

A  scries  of  5  lots  of  R-M  (RIF-free  M)  str.jin  of  C.  burnrt  L  vdccine 
were  produced  and  tested  according  to  PHS  recuiations.  These  lots  had 
a  mean  median  infectious  dose  for  eggs  of  10'  logs;  no  fevers  were 
produced  when  0.5  ml  of  undiluted  material  was  inoculated  subcutaneously 
into  guinea  pigs.  The  median  protective  dose  in  guinea  pigs  was 
approximately  0.00005  ..g  N;  no  difference  was  detected  between  pha.se  I 
and  II  challenges.  The  R-M  strain  did  not  cau^.e  an  increased  incidence 
of  hepatic  lesions  in  guinea  pigs  when  compared  to  the  present  killed 
vaccine.  A  request  to  administer  the  material  to  humans  has  been  approved 
by  AlDRB. 

Progress.  Parc  II i 

Work  continued  on  the  development  of  an  improved  Rocky  Mountain 
spotted  fever  (RMSF)  vaccine  for  human  use.  All  work  for  vaccine 
development  has  been  with  the  Sheila  Smith  (SS)  strain  of  RMSF.  Since 
the  SS  strain  had  been  propagated  in  eggs  not  certified  to  be  RlF-free, 
steps  were  taken  to  rid  the  waster  seed  of  any  viruses  of  this  group 
which  may  have  been  present.  Two  methods  were  cried:  (1)  passage  of 
the  master  seed  4  times  in  duck  yolk  sac.s  and  then  in  yolk  sac  of  chicken 
eggs  certifieti  RlF-frec  (SPAFAS;  SPAFAS  Inc.,  Korwicli,  Conn.);  (2) 
passage  of  the  master  seed  2  times  in  duck  embryo  cell  culture  (DKC) 

.and  then  in  SPAFAS  chicken  eggs.  Both  of  the;>c  were  freed  of  Ticket  L.siue 
by  egg  passage  in  the  presence  of  tetracyclines  and  tes'u'd  for  RIP  viruses 
at  the  National  Institutes  of  ilealth  (NIH) ;  both  were  negative.  Our 
working  .seed  has  been  propagated  from  that  passed  4  tim..‘s  in  due  rt  yolk 
sac.s.  This  wor.cing  seed  has  bee'n  redesignated  SSR  (.Sheiia  Smith,  RlP-frei:). 

Studies  continued  on  the  methods  to  be  usi-d  tor  production  of  a 
larg.e  lot  of  vaccine  made  from  rickettsiae  propagated  in  DdC.  it  was 
decided  that  24-hr-old  DKC  would  be  infected  and  the  cells  fed  witli 
medium  containing  27,  human  serum  albumin.  The  eel'is  and  rickert.sjae 
would  be  harvested  5  days  after  infection  in  sue  rose -phosphat e-g lutamat e 
(.SPC)  buffer  and  t«.’sted  for  sterility.  After  pooling  into  one  lot,  tiu' 
mixture  would  be  spun  at  1.50  X  £  te)  remove  ceil  debri,'-;  and  the  rickettsiae 
in  the  superr.ate  inactivated  with  0.1/.,  formaideiiyde 
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I’roh  li'Ws  with  contaminaL  ion  havi*  haiv.pt*rfd  t-iforL.;  to  produt'o  .1  largi' 

Lot  of  vacc'lno.  Mopfatod  contaimination  owcurroU  with  a  pram  nupativv  rod 
idontifii'd  as  Mima  polymorplia ,  Thtf  sourco  of  this  contamination  cannot  he 
ascertained,  but  recent  evidence  incriminates  the  calf  scrum  used  to  prow 
tilt'  DliC.  Tliis  problem  was  apparently  eliminated  by  usinp  a  now  source  of 
calf  serum.  After  6  L  of  DKC-grown  rickettsiae  are  produced  we  will  process 
the  mixture  for  vaccine. 

Production  of  working  seeds  of  the  otlier  members  of  the  spotted  fever 
group  of  rickettsiae  has  begun.  R.  sihcrica,  K,  conori  ,  R,  parker i ,  R.  .ik.-iri  , 
and  R.  au  St  rail  s  have,  been  passed  2  times  in  duck  egg  yolk  sacs  and  then  in 
ijpAfAH  eggs  in  an  attempt  to  rid  the  seed  of  any  contaminating  RIK  viruses. 

'these  seeds  stock  will  be  sent  to  NIH  to  ascertain  it  they  are  RlF-free. 
Immunisation  of  guinea  pigs  with  our  DEC-grown  SMSK  vaccine  offcr.s  some 
protection  against  R.  conori .  R.  australis ,  R.  parker i ,  and  R.  silu-rica ,  but 
not  against  R.  akari.  Work  is  continuing  on  the  growth  characteristics 
in  eggs  and  in  cell  cultures  of  tliese  members  of  the  spotted  fever  group. 
Preliminary  characterization  of  toxin  associated  with  .some  of  the  spotted 
fever  rickett.slae  will  be  extended  during  the  next  year. 

A  series  of  studies  was  done  in  rhesus  monkeys  to  determine  a  lethal 
challenge  dose  to  use  for  a  planned  comparative  vaccine  efficacy  study.  This 
study  is  being  done  in  collaboration  with  Captain  Ruch  of  Animal  Assessment 
Division.  Three  different  types  of  inoculum  have  been  used;  a  chick-yolk- 
sac-grown  material,  blood  from  infected  guinea  pigs,  and  DEC-grown  rickettsiae. 

Of  these  three,  the  DEC-grown  rickettsiae  appears  to  be  tlio  inoculum  of  choice. 
Different  routes  of  challenge  were  also  compared  using  3  groups  of  2  animals 
each  for  intraperltoneal ,  intravenous  (IV),  and  subcutaneous  inoculation.  The 
IV  challenge  was  most  consistent  in  producing  death.  A  group  of  animals  was 
vaccinated  in  preparation  for  these  comparative  vaccine  efficacy  studies. 

Summary.  Part  II: 

The  SS  strain  of  R.  rickettsii  has  been  freed  of  RIP  viruses  and  redesi juiuted 
SSR  strain.  Working  seeds  have  been  propagated  and  a  lot  of  vaccine  suitable 
for  human  use  in  currently  being  produced. 
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z3  (U)  Produce  inactivated  arbovirus  vaccines  which  may  be  combined  selectively  for 
prophylaxis  In  specific  geographically  oriented  ways  and  examine  hlstopathology  after 
use.  This  work  unit  is  an  essential  eiement  In  a  comprehensive  program  for  medical 
defense  against  BW  agents, 

24  (U)  Arboviruses  are  propagated  In  primary  cell  culture  and  Inactivated  with  formalin. 
Products  are  tested  for  safety  and  potency  to  animals.  Efficacy  Is  determined  by  subsu- 
quent  challenge,  or  by  determination  of  serological  conver.slon. 

25  (U)  71  07  -  72  06  -  Thirty  small  lots  of  for-ma  1  In- Inac  tiva  ted  TC-83  strain  VEE 
vaccine  were  prepaiud  In  roller  bottle  cultures  of  chick  embryo  cell.s  (CEC).  The 
following  parameters  for  VEE  vaccine  production  ore  presented:  (1)  a  multiplicity  of 
inoculum  (MOI)  of  O.UOliu  rmiy  be  used  yielding  maxlt;  ira  titers  of  virus  at  18-20  hr; 

(2)  as  little  as  300  ml  of  maintenance  medium  nuiy  be  employed  without  subs  tanl  Ka  1  ly 
decreasing  potency;  (3)  inactivation  by  PH.S  standards  at  37  c  may  be  carried  out  with 
0.05X  formalin  for  30  hr  nr  more  or  0.  IZ  formalin  for  at  le,isi  24  hr.  Mayaio  viius 
was  grown  in  MK,  AG  cells  for  40  hr  and  elicited  75Z  cell  destruction.  Four  small  lots 
of  vaccine  produced  will  be  potency  tc.sted.  O'nyong-nyong  virus  grown  In  MK,  AG  cell.s 
increased  in  titer  at  3rd  passage  approaching  that  required  for  vaccine  production. 

New  strains  of  California  and  St.  I.ouis  encephalitis  vlruse.s  were  passed  14  times  In 
CEC  culture.^,  and  appear  to  be  adapting  to  these  cells, 

Conrne.rclaily  prepared  VEE  virus  Mas  been  titrated  and  small  numbers  of  hamsters 
Infected  and  prepared  for  examination  to  check  methodology  and  procedures. 

Publications;  Infec.  Immun.  4:37-43,  1971;  Appl.  Microbiol.  22:842-845,  1971. 
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..■.'ription. 


Produce  inactiv..ted  arbovirus  vaccines  wnic::  may  be  coir.bined 
selectively  for  prcpciV  1  ax;i s  in  spicilic  gi'ograpnic  .areas. 

Proy.rcss,  Part  I: 

Using  slight  modifications  of  previously  described  methods,^  .small 
lots  of  formalin-inac civate.d  Venezuelan  equine  encephalomyelitis  (VUE) 
virus  vaccine  were  produced. 

Live,  attenuated  VEE  vaccine^  (TC-83)  was  u.sed  to  produce  the  killed 
product  described  (killed  TC-83).  Trinidad  strain  VEK  viru.s^  was  used 
as  challenge  virus  for  potency  assays. 

Trinidad  VEE  virus  was  titrated  in  '3-week-old  white  mice  (CD-I  strain 
from  Charles  River  Mousi  Farms,  Wilmington,  Mass.).  Virus  samplc;5  were 
diluted  in  cold  phosphate  buffered  saline,  pH  7.2,  containing  17  n.irmal 
rabbit  serum  (PBS).  Groups  of  5  mice  were  inoculated  intraperitcineally 
(IP)  with  0.3  ml  of  log^o  dilution.s  of  virus-containing  fluid.s  and  were 
observed  for  14  days  for  deaths.  TC-83  VEE  was  titrated  via  the 
intracerebral  (IC)  route  in  1-  te  3-day  old  mice  (CD-I  strain).  (.roups 
of  6  mice  were  inoculated  1C  with  0.03  ml  of  iogni  dilution.s  o. 
virus-containing  fluid.s  in  cold  PBS.  TiLraiion  laulpoints  in  aii  ca.si-.s 
were  determined  by  the  method  of  Reed  .aixl  Muenc:i‘^  and  were  e.xpres.sett 
a.s  median  Lethal  dose  (LD^q)  per  milliliter. 

Rolling  bottle  cultures  of  chick  embryo  celj.s  tCHC)  were  prep.iri'd.* 

Once  cell  confluenev  was  achieved,  the  growth  nu'dlum  was  decanted  and 
replaced  with  seruni-iree  medium  19y  coat. lining  piniciiiin  and  s  t  r  ep  t  omvc  in  . 
The  CEC  roller  culture.s  were  held  an  additional  JO-24  hr  at  35  0.  PriiM 
to  infeetion,  the  medium  wa.s  removed  and  the  risiduai  fluid  drained  from 
the  eulture.s. 

Forma  1  i  n-i  n. if  t  i  v.i  Led  VEE  (killed  i'Cdli  v.ic.  ine.-^  wen'  assavfii 
using  3-wec-K-i)lc  CD-i  white  mice.  llroups  of  i<.  iih  ^  e  weri'  i  r.oei:  I  at  lai 
IP  or.  0  with  0.3  mi  of  5-fold  dilutions  oi  v.iccine.  Piiurtecn  uavs 
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afci.T  chis  single  dote  of  vaccine,  mice  wore  challenged  IP  witli  10  mouse 
IPUD^y  of  Trinidad  VEE.  Titration  endpoints  and  median  effective  dose 
(El)^0^  values  were  determined.^ 

Roller  bottle  CEC  cultures  were  infected  with  the  TC-83  strain  at 
iiiultiplicitle.s  of  Inoculum  (MOl )  of  0.04  to  0.00004  and  maintained  wi  t  fi 
200  ml  medium  199.  Culture  fluid  samples  removed  from  the.se  bottles  24  hr 
postinoculation  were  titrated  in  suckling  mice.  As  indicated  in  Table  1, 
good  virus  yields  were  obtained  at  all  MOJ  levels.  In  ail  further  studies 
reported  here,  an  HOI  of  0.0004  was  employed. 

;  .  i.i'Ki-.d..  02  HOI  ON  PROPAGATION  OF  TC-83  STRAIN  VEE  VIRES  IN  ROLLER 

.'.OlIi.L  CEC  CELTERES 


Logj^Q  LDgQ/ml  by  MOJ  at  24  hr 


0.04  0.004  0 . 0004  0.00004 


10.3  10.8  10.4  10.5 


To  determine  Che  effect  of  maintenance  medium  volume  on  virus  yield, 

CEC  cultures  were  inoculated  and  maintained  with  100,  200  or  300  ml  of 
mifdium  199  containing  penicillin,  streptomycin  and  0.23%  human  serum  albumin 
(HSA) .  Summarized  in  Table  11  are  the  results  of  assays  performed  on  fluids 
removed  from  these  cultures  at  various  periods  postinoculation. 


TAiiLE  11.  EFFECT  Of  .'lAINTENANCE  MEDIUM  VOLUME  ON  PROPAGATION  Of  TC-83 
VIRUS  IN  CEC  ROLLER  BOTTLE  CULTURES  (MOl  =  0.0004) 


ilOURS  POST-  MAINTENANCE  MEDIUM  VOLUME 


100  ml 

200  ml 

300  ml 

fa 

6.9 

3 . 7 

b  .  i 

1  2 

10.5 

9.0 

10.  L- 

IS 

10.3 

9.8 

UK  i 

20 

10. 4 

10. 1 

10.  1 

Although  aduquatu  virus  cicurs  wore  achieved  at  all  maintenance  medium 
volumes  by  12  hr,  from  a  production  standpoint  tlie  larger  volunu’s  would 
be  most  advantageous.  Coll  destruction  was  moderate  by  12  hr  in  the 
bottles  maintained  with  100  ml  of  medium  and  increased  greatly  at  24 
hr.  In  cultures  maintained  with  200  or  300  ml  of  medium  significant 
cell  destruction  was  not  observed  until  24  hr.  Thus,  high  titered 
virus  material  with  lesser  amounts  of  cellular  debris  could  best  be 
obtained  with  a  harvest  at  18-20  hr. 

Thirty  small  lots  of  killed  TC-83  vaccine  were  prepared  using 
p'.';:.  ecli. . ■  deocribed  tor  the  production  of  iiustern  equine  encepha  1  i tis 

with  regard  to  clarification  by  centrifugation  and  Millipori: 

:  .  i-n.  j  ,  and  the  addition  of  formalin  to  final  oncentrat ions  of 

L'.  .'.nri  O.i'-.,.  However,  inactivation  was  performi-d  at  37  C  in  flasks 
placeU  in  a  Mew  Brunswick  Reciprocating  Water  Bath  (125  rpin)  .  The 
fluids  were  thus  kept  in  gentle,  constant  movement  throughout  the 
inactivation  periods  of  24  -  96  hr.  Typical  rates  of  forma iin- inac Livac ion 
are  shown  in  Table  III.  The  TC-83  strain  was  inactivated  at  a  rapid 
rate  with  both  formalin  concentrations  but  was  surprisingly  stable 
when  subjected  to  heat  only  (virus  control). 
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TABLt:  III.  FORMALIN  INACTIVATION^^  OF  TC-83  STRAIN  VEE  VIRUS  AT  37  C 


dOlIRS  POST- 
FORMALIN 

LOG^q  lo 

0 . 057o 

3q/0.03  inl  BY  FORMALIN 
CONCENTRATION 

0.1% 

VJRUS-^ 

control 

G 

8.4 

8.3 

8.3 

0 

2.0 

<1.0 

a/ 

/ 

-t 

<1 . 0 

<1.0 

6 

■.1.0 

••:l  .0 

8 

<1.0 

0 

7.5 

10 

0 

12 

0 

0 

14 

0 

0 

16 

0 

0 

7.3 

18 

0 

0 

20 

0 

0 

22 

0 

0 

24 

0 

0 

7.2 

a.  Detormined  by  1C  inoculation  of  suckling  mice  with  0.03  ml  of 
logiQ  dilutions. 

b.  Virus  subjected  to  37  C  only. 

c.  Blanks  -  not  tested. 

d.  0  indicates  no  evidence  of  virus-induced  death  in  mice  inoculuLed; 
at  8-24  hr  -SO  mice  were  inoculated  with  undiluted  vaccine. 
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TIu’  VKK  vaccini'.s  wort'  i naoc ivtitod  for  oxtoiuloil  poriotls  to 
liotoniiino  till'  offoot  on  potoncy.  Tablo  IV  Is  a  sunini.iry  of  the  rosults 
of  sinxtlt'  d oso  polonoy  assays  porformed  on  30  lots  of  vacfino  propan'd 
witli  0.05  and  0.1'/'.  formalin  and  inactivated  for  24  -  ‘di  lir. 

TABLE  IV,  EFFECT  OF  FORMALIN  CONCENTRATION  AND  LENCTlI  OF  INACTIVATION 
PERIOD  ON  POTENCY  OF  KILLED  TC-83  VEE  VACCINES 


iOl'.RS  OF 
l.'va^CnVATlON 

no . 

0.05  % 

lots  ED^p  ml 

(range) 

0 . 17. 

no.  lots 

ED,  ml 
(^Snge) 

24 

3 

0.047 

(0.022-0.085) 

3 

0.02/ 

t0,0U2-u. 04o) 

it) 

10 

0.022 

(0.003-0. 120) 

4 

0 .011 

(0.001-0.029) 

48 

3 

0.023 

(0.019-0.028) 

3 

0,()b9 

(0.038-0. 110) 

72 

1 

0.042 

1 

0.038 

9fa 

1 

O.ObU 

1 

0.034 

These  data  indicate  that  the  killed  TC-83  .strain  i.s  stable  antiitenieal  ly , 
even  after  inactivation  for  periods  as  long  as  46  hr.  The  volume  of 
maintenance  medium  and  preinactivation  titers  of  tlie  fluid.s  visi'ii  to 
prepare  tlie.se  vaccines  varied  from  100  -  300  m',  .ind  1  o‘*  •  ^  ti) 
suckling  mouse  (SM)  ICLD^^^/ml,  re.spectively .  '.'lu  re  is  no  appari'iit 

correlation  between  these  value.s  aiul  the  pi't  I'lie  i  e.s  ohsi'rvi'il .  One  mu.'.i 
conclude,  therefore,  that  fonnaii  n- inae  t  i  v.il  eil ,  TC-i  i  VEE  vaccine  m.iy 
be  made  with  larger  volunu'scif  niciintenance  nii'iiium  .iiui  with  great  latitude 
with  regard  to  period  of  i nae t i va t i on . 

During  the  past  year  atti'iiipts  were  made  to  iievi'lop  i  n  .u' i  i  va  t  I'd  v.ue  i  lu'.'- 
for  the  following  viru.ses;  May.iro  tMAYl,  0 ' nyong.-nvong,  ((INY'),  C.ilifornia 
I'neepiia  1  i  t  i  s  iCE)  and  Et  .  Eoiiis  eiiei-plia  1  i  t  i  .s  (.Sl.Ei  .  As  reported 
piu'vi  ous  ly  f  ihe  4  strtiin.s  .shown  in  T'able  V  weri-  us.d  tor  iiiitiai  .stiiJie.s 
wliich  were  carried  out  for  2  purposes:  ( 1 1  to  iletermine  it  Llie  viruses 
would  grow  in  cell  culture  to  anv  appri-eiahle  Liter,  .ind  (.’)  to  determine 
if  p.issage  (subculture)  of  the  viruses  in  the  v-ells  .shown  would  result 
in  an  adaption  to  ttu'  ceils,  and,  liopefully,  higner  titers.  it  slumUl 
he  noted  that  all  of  these  viruse.s  were  received  .us  suekliug,  monse  hr.iiii 
•pri'iiarat  ions ,  and  ih.at  serial  suheu  1  tore  would  also  rediui'  the  leV'cl 
v'f  mouse  hrarn  antigen(s)  to  an  insignificant  lovel  .  I’lni.s,  sucii  p.iss.ige 


Would  satisfy  PHS  regulations  which  demand  that  foreign  proteins  must  not 
exceed  a  concentration  of  1:1,000,000  In  the  final  product. 

TABLK  V.  GROWTH  OF  FOUR  VIRUSES  IN  VARIOUS  CELL  CULTURES 


Vl^S-^ 

PASSAGE 

^°"io 

SMICLD^Q/ml  BY 

CELL  24 

HR  POSTINOCULATION: 

(Strain) 

NUMBER 

Kidney 

Embry 

0  Wl-38 

Canine 

Rabbit  Hamster  MK.AC 

Chick 

Duck 

y.a'.  aro 

1 

<6.0 

<6.0  7.0 

9.2 

<6.2 

6.7  b/ 

(vr-1) 

2 

6.9 

8.7 

8.2 

7.5 

3 

<6.0 

8.2 

7.8 

7.1 

O'nyong- 

nyong 

1 

<6.0 

<6.0  7.0 

<6.0 

<6.0 

<6.0  <6.3 

(osege) 

2 

<6.0 

7.0 

<6.0 

<6.0 

3 

<6.0 

<6.0 

^.0 

<4.0 

CE 

1 

<6.0 

<6.0  <6.0 

<6.0 

6.3 

<6.0  <6.0 

(Bfs-283) 

2 

<6.0 

<6.0 

<6.0 

<6.0 

3 

<6.0 

<6.0 

^.7 

5.0 

SL£ 

1 

<6.0 

<6.0  <6.0 

<6.0 

6.3 

<6.0  <6.0 

(Hubbard) 

2 

<6.0 

<6.0 

<6.0 

<6.0 

3 

<6.0 

<6.0 

<4.0 

<4.0 

a.  10  input  usually  represented  an  MOl  of  0.001  -  0.0001. 


b.  Blank  -  not  tested. 

All  viruses  (Table  V)  were  inoculated  at  an  empirical  dilution  of  10"^ 
into  the  indicated  cell  cultures,  all  of  which  are  of  the  primary  type, 
with  the  exception  of  the  human  diploid  cell,  Wl-38.  After  inoculation, 
maintenance  medium  (199  +  HSA  and  antibiotics)  was  added  and  the  cultures 
incubated  at  37  C  for  24  hr.  Replicate  samples  of  culture  fluid  were  removed 
at  18  and  24  hr.  These  samples  were  frozen  and  subsequently  used  as  inoculum 
for  the  next  passage  and  were  also  titrated  insuckling  mice  via  the  1C  route. 
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Tlu-  results  shown  in  Table  V  are  for  2A-hr  samples  only,  but  are 
representative.  Little  or  no  viral  growth  occurred  in  canine  or 
rabbit  kidney  or  Wl-38.  For  Mayaro  monkey  kidney  (MK,  AC)  appeared 
to  be  the  cell  of  choice.  For  ONY  virus  minimal  titers  were  obtained 
in  hamster  kidney  through  the  2nd  passage  only.  CE  and  SLE  viruses 
were  the  most  difficult  to  propagate,  with  only  minimal  titers  being 
achieved  in  CEC  culture. 

Since  no  other  acceptable  cell  lines  were  available,  these 
studies  were  repeated,  using  a  higher  MOI ,  as  well  as  incubation  periods 
up  to  96  hr.  MK,  AC  and  CEC  cultures  were  selected  for  these  studies, 
principally  on  the  basis  of  the  data  in  Table  V. 

TABLE  VI .  EFFECT  OF  VIRUS  INPUT  AND  INCUBATION  PERIOD  ON  YIELD  ON 
MAYARO^/  VIRUS  DURING  3  PASSAGES  IN  CELL  CULTURE 


PASSAGE 

NUMBER 

HR 

POST 

INOC. 

LX 10  SMICLD5-  ml  BY  CELL  CULTURE  AND  VIRUS 

INPUT: 

MK.  AG 

CEC 

lo-i 

10“^ 

10*^ 

10*^ 

1 

24 

>8.0 

>6.0 

6.9 

>6.0 

48 

8.7 

>8.0 

6.1 

6.3 

72 

8.3 

8.3 

<6.0 

<6.0 

96 

7.8 

8.1 

<6.0 

<6.0 

2 

24 

>8.0 

5.7 

5.7 

5.3 

48 

>9.0 

>8.0 

<5.0 

7  . 1 

72 

8.3 

9.1 

<6.0 

7  . 1 

96 

8.5 

9  0 

<6.0 

>6.0 

3 

24 

>8.0 

5.9 

6.0 

6.0 

48 

>9.0 

>8.0 

6.7 

1.1 

72 

9.7 

9.3 

:^6.o 

7.9 

96 

9.0 

9.1 

-.6.0 

7.3 

a.  TRVL  15537,  strain 
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Tabu*  VI  is  a  summary  of  thu  results  with  a  different  strain  of  MAY. 

Tiu'so  data  suggest  that  this  strain  can  be  grown  in  MK,  AG  with  a  72-96'hr 
Incubation  period  to  titers  approaching  those  seen  with  other  group  A 
arboviruses  used  for  vaccine  production.  As  shown  these  titers  persisted 
after  3  cell  culture  passages  using  as  virus  ijiput  either  a  10"^  or  10"^ 
dilution  of  seed  virus.  Titers  in  CEC  cultures  were  not  satisfactory  even 
after  3  passages.  Based  on  these  data  small  lots  of  MAY  vaccine  have  been 
produced  In  commercially  obtained  MK,  AG  cell  cultures.  Static  MK,  Ai> 
cultures  were  Inoculated  with  the  TRVL  15537  strain  of  MAY  virus.  Culture 
fluids  were  harvested  40  hr  postinoculation,  a  time  at  which  757«  cell 
destruction  was  observed.  After  clarification  by  centrifugation  and  membrane 
',0.45  u)  filtration,  formalin  was  added  to  final  concentrations  of  0.05  or 
0,17...  Inactivation  was  at  37  C  for  30  or  48  hr.  Four  laboratory- scale  lot.s 
were  made  in  this  manner.  Preinactivation  titers  ranged  from  10®*®  to  10^'3 
LDgf)/ml  as  tested  in  SM.  Potency  tests  on  these  lots  of  vaccine  will  be 
conducted  in  the  near  future. 


Results  with  ONY  virus  (Table  VII)  were  somewhat  encouraging.  By  the 
3rd  passage  in  MK,  AG  culture  titers  were  obtained  after  72-96  hr  incubation 
that  approach  those  desirable  for  vaccine  production.  Virus  yield  in  CEC 
culture  was  unsatisfactory. 

With  CE  virus  (Table  Vlll)  virtually  no  growth  occurred  in  MK,  AG.  In 
CEC  culture  the  titers  were  marginal  at  the  1st  and  2nd  passage  and  were 
certainly  not  acceptable  at  the  3rd  passage,  regardless  of  virus  input. 

SLE  virus  (Table  IX)  exhibited  inadequate  growth  in  MK,  AG  cells, 
regardless  of  virus  input  or  period  of  incubation.  Further,  with  the  possible 
exception  of  the  1st  passage  in  CEC  culture,  virus  growth  in  this  host  ceil 
must  also  be  considered  inadequate  for  vaccine  production. 

Since  the  strains  of  CE  and  SLE  viruses  employed  in  the  preceding  studies 
did  not  replicate  to  significantly  high  titers  in  the  cell  systems  employed, 
new  strains  were  obtained  from  the  Center  for  Disease  Control  in  December 
1971.  Master  seed  preparations  (suckling  mouse  brain)  have  been  made  for 
the  La  Cross  and  Snowshoe  Hare  strains  of  CE  virus  and  for  the  P-i5  strain 
of  SLF  virus.  Rapid  passage  of  these  3  strains  are  being  made  in  primary 
CEC  culture  in  an  attempt  to  increase  virus  yield  by  adapting  the  viruses  to  the 
cells.  At  the  time  of  writing  14  passages  had  been  made.  Preliminary  titrations 
of  passages  3,  5,  and  8  in  SM  and  by  the  plaque  technique  indicate  tliat  tlie 
viruses  are  adapting  to  the  cells,  and  that  additional  passages  may  result  in 
virus  yields  sufficiently  high  for  vaccine  production.  These  studies  are 
continuing . 
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TABLE  VI 1. 

EFFECT 

O'NYONG 

OF  VIRUS  INPUT  AND 
-NYONG  VIRUS  DURING 

INCUBATION  : 
3  PASSAGES 

PERIOD  ON 
IN  CFXL 

1  YIELD  OF 
CULTURE 

PASSAGE 

NUMBER 

HR 

PAST 

LOG^q  SMICLD^q 

/ml  BY  CELL 
INPUT: 

CULTURE  AND  VIRUS 

INOC. 

MK.AG 

CEC 

10'^ 

10“^ 

10'^ 

10“^ 

I 

24 

6.7 

5.9 

6.1 

;;^.0 

48 

7.9 

7.0 

6.1 

6.3 

72 

7.5 

7.2 

<6.0 

<6.0 

96 

<6.0 

<6.0 

<6.0 

<6.0 

2 

24 

5.7 

3.8 

5.0 

3.3 

48 

6.9 

5.5 

6.7 

6.8 

72 

7.7 

<6.0 

<6.0 

<6.0 

96 

<6.0 

<6.0 

<6.0 

<6.0 

3 

24 

4.7 

<4.0 

5.0 

3.7 

48 

7.0 

6.0 

6.2 

7.2 

72 


7.9 


6.9 


.'6.0 


7.0 
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TABLE  VIII.  EFFECT  OF  VIRUS  INPUT  AND  INCUBATION  PERIOD  ON  YIELD  OF 
CE  VIRUS  DURING  3  PASSAGES  IN  CELL  CULTURE 


PASSAGE 

NUMBER 

HR 

POST 

INOC. 

^°«10 

SMICLDjQ/ml  BY  CELL 

CULTURE  AND  VIRUS 

INPUT: 

MK.  AG 

CEC 

10"^ 

10’^ 

10'^ 

i 

24 

0 .0 

5.0 

7.3 

>6.0 

48 

<5.0 

5.7 

7.3 

^8.0 

72 

<6.0 

<6.0 

<6.0 

7.3 

96 

<6.0 

<6.0 

<6.0 

7.0 

2 

24 

<4.0 

<4.0 

6.8 

5.0 

48 

<4.0 

<4.0 

7.7 

7.9 

72 

<6.0 

<6.0 

7.2 

7.1 

96 

<6.0 

<6.0 

6.9 

7.3 

3 

24 

<4.0 

<4.0 

6.7 

4.7 

48 

J4,0 

<4.0 

7.0 

7.2 

72 

<6.0 

<6.0 

7.7 

7.5 

96 

<6.0 

<6.0 

7.-5 

7  .  2 
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TAIiLK  IX.  KFFECT  OF  VIRUS  INPUT  AND  INCUBATION  PUiUOD  Of  ..K’LD  OF 
SLU  VIRUS  DURING  3  PASSAGES  IN  CELL  CULTURE 


PASSAGE 

NUmER 

HR 

POST 

INOC. 

SMICLD„„/ml  BY  CELL  CULTURE 
50 

AND  VIRUS 

INPUT: 

MK,  AG 

CEC 

10-i 

10-3 

10'^ 

1(1-3 

1 

Ik 

3,8 

5.0 

_;8.0 

__-6.0 

4s 

6.1 

5.7 

7.9 

7.3 

11 

_6 .0 

■Ji .  0 

7.1 

7.0 

‘Jo 

v6.0 

<6.0 

7,1 

6,8 

2 

Ik 

v4 ,0 

<4.0 

6.8 

5.2 

48 

;^4,0 

<4.0 

6.3 

7,. 3 

11 

;.6.0 

<6.0 

_.6.0 

7,0 

96 

cb.O 

<6.0 

<6.0 

<6.0 

3 

24 

<4.0 

_,4.() 

4,9 

2,8 

48 

<4.0 

<4.0 

6.1 

6 . 5 

12 

<6.0 

_.6 . 0 

-6 , 0 

_6 . 0 

96 

<6 . 0 

•..6 . 0 

•  '6 . 0 

■.6,0 
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In  ancillary  studies,  attempts  have  been  made  to  produce  a  more  efficacious 
product,  due  to  the  poor  serological  responses  of  National  Drug  Co.  personnel 
to  the  present  Chlkungunya  (CHIK)  vaccine.  Three  strains  of  CIllK  virus  (Ross, 
CHIK'168,  and  y/15561)  were  passed  3  times  in  static  cultures  of  Wl‘38  cells. 

A  total  of  9  laboratory- scale  lots  were  prepared  in  rolling  bottle  cultures 
of  WI-38  cells  using  3rd  cell  culture  passage  material  a.s  inoculum.  Inactivation 
was  at  37  C  for  30  hr  using  0.05  and  0.17.  formalin.  Preinactivation  titers 
in  SM  ranged  from  10°‘^  to  10^*^  LDso/ml.  However,  potency  assays  in  mice 
revealed  no  significant  degree  of  protection.  No  reason  for  this  failure  i.s 
apparent.  These  studies  were  discontinued  when  it  was  found  tliat  a 
couitract.or  wa:-:  presently  conducting  such  studies. 

Sutrannry,  Part  1: 

Thirty  small  lots  of  formalin-inactivated  TC-83  strain  VHL'  vaccine  were 
prepared  in  roller  bottle  cultures  of  chick  embryo  cells  (CEC)  .  The  following 
parameters  for  VEE  vaccine  production  are  presented:  (1)  a  multiplicity  of 
inoculum  (MOI)  of  0.0004  may  be  used  yielding  maximum  titers  of  virus  Iti  -  20 
hr  postinoculation;  (2)  <300  ml  of  maintenance  medium  may  be  employed  without 
decreasing  final  potency  "to  any  substantial  degree;  (3)  inactivation  by  PHS 
standards  at  37  C  may  be  carried  out  with  0.05%  formalin  for  >30  ht  or  0,1% 
formalin  for  >24  hr. 

Mayaro  (MAT)  virus  (strain  TRVL  (>15537),  after  adaption  by  serial  passage, 
grown  in  MK,  AG  cells  for  40  hr,  elicited  757,  cell  destruction.  Four  small 
lots  of  vaccine  have  been  produced  and  await  potency  testing. 

By  the  3rd  passage  in  MK,  AG  cells  0 'nyong-nyong  virus  achieved  a  substantial 
increase  in  titer,  approaching  that  required  for  vaccine  production. 

New  strains  of  California  and  St.  Louis  encephalitis  viruses  have  andcrgor,e 
14  rapid  passages  in  chick  embryo  cell  cultures,  and  appear  to  be  adapting 
to  these  cells.  Further  passage  is  In  progress  in  an  attempt  to  further  increase 
the  titer  of  these  viruses. 

Progress  and  Summary.  Part  II: 

Hamsters  histopathological ly  examined  at  this  Institute  after  infection 
with  TC-83  have  had  a  consistent  vasculitis,  neuronal  necrosis,  and  non.suppurati vl 
meningoencephalitis  in  the  olfactory  bulbs  and  ventral  cerebrum  of  the  brain. 
Austin  and  Scherer  examined  histopathology  of  TC-83  in  hamsters  they  saw 
no  uUfc'.quivocal  lesions  in  the  brain.  ^  because  of  this  variation  in  results, 
it  was  decided  to  serially  sacrifice  hamsters  in  significant  number.s  with  a 
known  dose  of  viinis  to  clarify  the  lilstopathology ,  and  at  the  same  time  to 
compare  it  with  another  strain  of  VEE  with  lower  virulence  (Florida  Fo  3-7c). 
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Commercial  TC-83  vaccine  (National  Drug  Co.)  has  been  obtained  and 
titrated.  A  small  number  of  hamsters  have  been  infected  with  500  PKU 
of  TC-83  and  300  PFU  of  the  small  plaque  variant  of  the  Florida  strain. 
These  animals  have  been  killed,  necropsied  and  are  in  the  hi  stopathological 
lab  being  processed  for  examination. 
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pathophysiology  of. yellow  fever. 

24  (U)  Inoculate  laboratory  animals  with  yellow  fever  virus,  Aslbi  and  17-D  vaccine 
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mouse  intracerebral  lethal  dose.  Furthermore,  our  evidence  suggests  that  1  ID- SO 
In  the  rhesus  monkey  may  be  the  minimal  Infective  dose  as  well. 
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thus  far. 
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TABLE  I.  YELLOW  FEVER  IN  THE  RHESUS  MONKEY 


DOSE 

MICLD., 

NO.  DEAD/ 
TOTAL 

HOURS  (RANGE) 

Incubation 

Period 

Length  of 
Illness 

Time  of 
Death 

1000.0 

3/3 

60 

40 

100 

(60) 

(34-42) 

(94-104) 

10.0 

9/9 

67 

44 

111 

(54-76) 

(38-50) 

(94-124) 

1.0 

4/4 

90 

40 

130 

(76-100) 

(30-45) 

(120-138) 

0.1 

4/4 

186 

43 

224 

(132-234) 

(33-66) 

(198-273) 

0.01 

2/3 

182 

39.5 

222 

(100-264) 

(33-46) 

(133-310) 

0.001 

0/5 

as  well  as  the  length  of  illness.  The  surviving  monkey  did  not  show  clinical 
signs  of  the  disease  or  any  abnormal  laboratory  findings.  We  were  unable  to 
demonstrate  any  circulating  virus  or  specific  neutralizing  antibody  up  to  44 
days  postinoculation.  All  5  monkeys  inoculated  with  0,001  MICLD  remained 
clinically  healthy.  There  was  no  evidence  of  viremia  or  neutralizing  anti¬ 
body. 

From  these  data,  1  monkey  SCLD^  appears  to  be  approximately  equivalent  to 
0.01  MICLDjj.  The  lack  of  clinical  signs  or  abnormal  laboratory  findings  with 
no  evidence  of  virus  multiplication  suggests  that  1  LD  in  the  rhesus  monkey 
may  be  the  minimal  infective  dose  as  well.  Considering  the  limited  sensitiv¬ 
ity  of  the  mouse  inoculation  assay  of  yellow  fever  virus,  we  must  recognize 
the  possibility  of  the  absence  of  virus  in  the  inocula  at  and  below  0.01 
MICLDjp.  Also  from  these  data,  the  incubation  period  in  monkeys  inoculated 
with  smai;  quantities  of  virus  tends  to  be  longer  in  duration  than  that  ob¬ 
served  in  monkeys  inoculated  with  larger  doses.  However,  the  disease  is 
equally  as  fulminating  as  that  occurring  in  animals  given  large  infective- 
doses. 

The  clinical  illness  of  approximately  48  hr  in  duration  in  all  infected 
monkeys  appeared  very  similar  in  regard  to  all  parameters  measured,  regard¬ 
less  of  dosage.  Since  only  the  length  of  incubation  was  dose-dependent,  wc 
combined  the  data  compiled  during  the  clinical  illness  for  the  22  monkeys 
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wich  ciiseaau.  "he  results  were  evaluated  at  a  nur,.i.Lr  o£  lir  pn^eediiig  death 
rather  than  poacinoculation.  The  average  temperature  curve  or  all  22  monkeys 
sliowod  a  rapid  and  itiarkoJ  elevation  from  normal,  occurring  at  approximately  48 
hr  preceding  death  and  reaching  a  peak  fever  temperature  of  about  105  i’  at  20 
lir  before  death,  A  precipitous  fall  in  body  temperature  occurred  terminally 
in  all  infected  monkeys,  resulting  in  coma  and  death.  Viromia  was  measured  in 
11  of  the  monkeys  encompassing  the  entire  range  of  dosages;  10  of  11  of  these 
monkeys  were  viremic  within  24  hr  preceding  the  onset  of  fever,  'ilius ,  these 
results  suggest  that  a  majority  of  the  monkeys  were  viremic  at  or  before  onset 
.  - ;  ■■ -l-e  rcci.ioe:-'.  . 

lotal  wiirLe  bloou  v.eil  (i'^BC)  and  dif ierenc^al  counts  were  performed;  these 
data  .showed  a  progres.s  Lve  fall  in  total  count,  oeginning  about  24  iir  before 
thi.^  onset  of  feVer.  In  mild  cases  reported  in  man,  the,  leukopenia  disappears 
rapidly,  returning  to  normal;  in  severe  cases,  some  undergo  a  transition  to 
leukocytosis,  with  neutrophilia.^  ct  is  also  reported  that  in  the  ri'.esus  men- 
key,  prior  to  death,  some  WBC  counts  rise  to  a  aigiier  level  than  can  be  ex¬ 
plained  by  hcmoconceatration,  and  show  a  predominance  of  neutrophils,®  lliis 
terminal  rebound  of  WBC  was  observed  in  8  of  22  monkeys  studied.  Tlic  absolute 
lymphopenia  and  resultant  relative  neutrophilia  did  not  become  evident  until 
well  into  the  febrile  stage  of  the  disease,  A  gradual  fall  in  hematocrit  due 
to  serial  bloodletting  was  observed  in  all  animals.  An  additional  marked  de¬ 
crease  in  hematocrit  was  observed  during  the  febrile  stage  of  the  disease; 
monkeys  not  developing  disease  did  not  show  this  n»rked  fall,  but  continued 
the  gradual  decline  in  hematocrit,  eventually  stabilizing  within  a  week  post¬ 
inoculation.  Although  occurring  late  in  the  clinical  illness,  13-24  hr  pre¬ 
ceding  death,  a  rise  in  lactic  dehydrogenase  (IDII)  activity  was  dramatic, 

llie  technique  of  cellulose  acetate  zone  electrophoresis  has  been  insti¬ 
tuted  in  our  laboratory  recently  and  samples  for  LDIl  isoenzyme  assay  will  be 
run  in  the  near  future.  It  is  hoped  that  this  teclinique  will  better  elucidate 
sites  of  tissue  damage  and  the  effects  on  variou.s  organ  systems.  In  acKlition 
to  both  Serum  and  urine  iso^inzyme  patterns,  serum  glycoprotein,  serun  .iud 
urine  protein  eiectropnoretic  patterns  will  be  studied, 

Efforts  are  under  way  to  infect  rhesus  monkeys  witn  the  virulent  Asibi 
strain  of  the  yiillow  fever  virus  at  a  standard  challenge  level  of  10.0 
and  to  obtain  prospective  information  concernin.g  serial  renal  function  .studies 
and  raeasuremc'nts  of  cardiac  output  and  fluid  volume  spaces.  Due  tu  chaiige.s  in 
experimental  design  and  animal  instrumentatiou,  little  definitive  data  have 
been  produced  as  yet. 

Summary,  Part  1 : 

Current  evidence  .suggests  th;it  incubation  is  the  only  dose-de|)Lndent  fea¬ 
ture  of  yellow  fever.  The  initial  outward  clinical  sign  of  the  diseasi'  in  the 
rhesus  monkey  is  a  rapid  and  marked  elevation  in  ixody  temperature.  In  gen¬ 
eral,  rnonki.:ys  are  viremic  0-24  hr  preceding  onset  of  fever  and  devi.'iop  a  sig¬ 
nificant  progreb.-.; ive  leukopenia.  Both  the  fall  in  hematocrit  and  elevation  in 
serum  IDli  activity  occur  late  in  the  clinical  illness.  It  appears  chat 
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I  mo'.iki’y  lJ)j^  is  approxinau'ily  equal  to  O.Ol  mousi'  furthermore,  our 

evidence  suggests  that  1  in  the  rhesus  monkey  may  he  the  minimal  infec¬ 
tive  dose  as  well, 

Progress.  Part  II; 

There  have  been  only  a  few  electron  microscopic  studies  of  yellow  fever 
virus  in  the  literature  with  numerous  conflicting  results.  In  1953, the 
first  identification  of  the  virus  with  the  electron  microscope  was  done  in 
■■■•,  e .  .'.ns pens  Lon  from  17-D  vaccine  -strain-infected  mouse  brains  and  .spinal 

J.pi.ericai  jiarticlc.s  50-55  nv-i  in  diameter,  without  internal  structure, 
v.'^  re  reported.  In  i960,**®  extensive  studies  were  carried  out  on  the  histo- 
•'jathology  and  ultrastructural  changes  in  Asibi  strain-infected  monkey  hepato- 
cytes.  Spherical  particles  55-61  n^i  in  diameter,  without  internal  structure, 
were  described  with  concomitant  ulcra.structural  changes  in  liver  cells.  In 
another  study,®  KB  tissue  culture  colls,  infected  with  Asibi  strain  yellow 
fever,  contained  spherical  particle.s,  without  internal  .structure,  25-27  nvi  in 
diameter.  In  studies  done  on  17-D-infected  mouse  brains"  and  spinal  cords,- 
38-nv.i  spherical  particles  with  dense  cores  surrounded  by  a  membrane  were  de¬ 
scribed,  The  particles  wore  found  only  in  astrocytes  in  brain  tissue,  and  in 
neurons  and  microglial  cells  in  spinal  cord.  In  a  Fort  Detrick  study, ^  im’* 
munof luorescence  and  electron  microscopy  were  used  to  study  tissue  culture 
cells  and  cynmologous  monkey  liver  colls  infected  with  the  Asibi  strain.  No 
viral  particles  or  ultrastructural  changes  could  be  visualised  in  monkey  liep- 
atocytesj  however,  some  viral  antigen  was  present  in  low  titer.  Spherical 
particles  42  ny  in  diameter,  with  dense  cores  and  limiting  membranes,  were 
noted  within  endoplasmic  reticulum  of  tissue  culture  cells. 

At  USAMRIID,  Swiss  white  mice  and  17-D  vaccine  strain  yellow  fever  virus 
were  used  as  the  experimental  animal  and  agent  respectively.  Groups  of  mice 
at  varying  ages  were  inoculated  by  several  different  routes;  it  was  determined 
that  i8-21-day-old  suckling  mice  had  the  most  consistent  mortality,  maximum 
virus  titers,  and  consistent  pathological  lesions.  The  IC  route  of  inocula¬ 
tion  was  the  only  one  resulting  in  consistent  mortality. 

Simple,  useful  techniques  for  collecting  sample.s  and  subsequently  pro- 
ces.sing  them  were  developed,  A  rapid,  relatively  artifac  t- free  procedure  for 
removal  of  mouse  brain  and  spinal  cord  was  perfected.  Several  di.fi'erent  fix¬ 
atives  and  buffer  systems  were  tested,  and  it  was  found  that  3'Z.  glutaraide- 
hyde  and  phosphate  buffer  resulted  in  the  bi-st  fixation  for  electron  micros¬ 
copy,  Standard  epoxy  resin  embedding  and  sectioning  werv;  done  for  i-lectron 
microscope  specimenij,  Iramunof luoreseenci'  studies  Wire  eonductet!  accordine,  to 
standard  procedures.  Yellow  fever  antiserum  was  produced  and  conjugated  by 
usual  techniques  in  conjunction  with  tlu-  Virology  Division 

orain,  spinal  cord  and  adrenal  glands  were  e.>!’  coed  from  reiire!..encativi 
.nfected  and  control  mice.  The  sample.s  were  fi.sed  u-iu  proci'.ssed  ;  or  iii.sto- 
pat'ncloiiy ,  electron  and  fluorescence  microscopy,  auu  virus  ticruti.'.i.  Viru.s 
Jicration  was  performed  by  animal  inoculat  i  on  a  nu  v)f  weri' 

■duad  in  br-ain  and  cord  tissue,  there  bei  r,,;  no  significa'nt  difference  between 
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thi’ra.  No  virus  was  found  in  adrenal  glands;  they  wurc  subsequently  eliui- 
nated  from  the  study. 

Several  important  histological  alterations  have  been  observed  consistent¬ 
ly  in  infected  mice.  The  most  prominent  is  a  diffuse  to  multifocal  neuronal 
and  glial  cell  necrosis  in  all  layers  of  the  cerebrum,  but  especially  in  deup 
laminar  areas  of  cerebral  cortex.  Accompanying  this  is  a  diffuse  to  multi¬ 
focal  vasculitis  of  th,'*  cerebrum  and  leptomcninges .  Vasculitis  Is  nearly  al¬ 
ways  noted  in  areas  of  necrosis.  In  hippocampal  neurons,  so-called  "classi¬ 
cal  segmental  necrosis"  is  often  seen,  suggestive  of  ischemic  necrosis  of 
vascular  origin.  iVenty  per  cent  of  spinal  cords  showed  vasculitis  and  ne¬ 
crosis.  No  inclusion  bodies  were  seen. 

Immunof luorescent  studies  were  conducted  on  central  nervous  tissue  of  in¬ 
fected  and  control  mice.  Monkey  yellow  fever  antisera  were  conjugated  with 
fluorescein  and  tested  for  specificity  on  yellow  fever-infected  tissue'  cul¬ 
ture  cells.  Positive  staining  of  frozen  brain  and  cord  tissue  was  most  prev¬ 
alent  in  the  areas  of  pathological  change.  Hippocampal  neurons  and  deep  ce¬ 
rebral  gray  matter  were  consistently  positive  for  yellow  fever  antigen.  Ves¬ 
sels  were  occasionally  stained,  especially  in  deep  cerebral  laminae.  Spinal 
cord  occasionally  stained  in  neurons  and  small  vessels.  Cerebellum  and  white 
matter  very  rarely  stained. 

Despite  extensive  examination  of  brain  and  cord  tissue,  yellow  fever  vi¬ 
rus  has  not  been  visualized  with  the  electron  microscope.  The  above  retro¬ 
spective  immunof luorescent  studies  have  shown  that  this  was  probably  due  to 
errors  in  sampling  of  tissue.  With  the  knowledge  of  actual  location  of  viral 
antigen,  studies  are  now  in  progress  attempting  to  visualize  yellow  fever  vi¬ 
rus.  Ultrastructural  changes  in  infected  mice  have  been  observed,  but  re¬ 
sults  are  preliminary  thus  far. 

Summary.  Part  II; 

Various  techniques  for  sample  collection,  histopathology ,  fluorescence 
and  electron  microscopy  were  investigated  and  employed  in  studies  of  yellow 
fever  infection  of  mouse  central  nervous  system.  Histopathological  lesions 
were  prominent  and  consistent  in  cerebral  gray  matter,  liippocampal  neurons, 
and  their  accompanying  vessells.  Immunof luorescenc^!  staininy,  was  positive 
for  yellow  fever  antigen  in  hippocampcil  neurons,  cerebral  gray  matti.'r,  and 
occasional  vessels.  Electron  microscopic  studies  are  continuing,  but  tlms 
far  are  Inconclusive. 
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23  (U)  Evaluate  chemical  compounds  for  treatment  and  control  of  virus  diseases 
of  Importance  to  the  military.  This  work  unit  is  an  essential  element  In  a 
comprehensive  program  for  medical  defense  against  BW  agentr. 

24  (U)  Test  chemicals  In  tissue  culture  and  laboratory  animals  against  selected 
viruses , 

25  (U)  71  07  -  72  06  -  A  synthetic  poly  I-poly  C,  when  inoculated  IV  Into  rhesus 
monkeys  which  were  later  infected  with  Aslbl  strain  of  yellow  fever,  produced  an 
effect  similar  to  lowering  the  Infecting  dose  of  the  virus.  Incubation  period  was 
lengthened,  while  the  clinical  Illness  rO'Mtned  unchanged.  The  ralcrot  1  tra tlon 
technique  to  run  serum  and  plaque  neutralization  tests  is  now  a  useful  laboratory 
tool  to  test  serial  samples,  as  well  as  evaluating  antiviral  chemical  agents  for 
their  possible  antlarbovlrus  activities. 

Isatlu  beta  thlosemlcarbazone  was  shown  to  be  ineffective  ns  a  chemotherapeutic 
agent  for  Venezuelan  equine  encephalomyelitis  In  the  dose  tried,  using  the  plaque- 
neutralization  technique.  Additional  antiviral  compounds  will  be  evaluated  In  the 
near  future,  as  well  ao  some  additional  studies  with  poly  1-poly  C. 

Terminated  since  FY  1973  funding  will  be  under  The  Surgeon  General,  Army. 

New  Project  No,  3A062 11QA834;  Accession  No.  DA  OB6423. 
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Description : 


Evaluate  chemical  compounds  for  treatment  and  control  of  virus  diseases. 
Progress ; 

During  the  past  year,  limited  progress  has  been  made  in  this  area  due  to 
the  change-over  in  investigators.  Much  time  has  been  devoted  to  becoming  fa¬ 
miliar  with  the  research  plan  as  it  exists  and  the  techniques  needed  to  carry 
it  out. 

The  ability  of  a  synthetic  polyribonucleotide  (poly  I:C)  to  alter  the 
coui'se  of  Simian  yellow  fever  was  investigated.  Initially,  2  monkeys  were 
Inoculated  intravenously  (IV)  with  0.5  mg/tig  of  poly  I:C;  2  doses,  spaced 
24  hr  apart,  were  given.  Tran-sient  hyperthemia  followed  each  administration 
of  poly  I  :C  although  it  was  more  pronounced  after  the  2nd  inoculation. 

Within  1^  hr  of  the  2nd  dose  of  poly  I:C,  the  body  temperature  of  one  monkey 
increased  from  101.2  to  104.8  F;  the  temperature  of  the  2nd  animal  rose  from 
101,5  to  104.0  F.  These  temperatures  were  within  normal  range  6  hr  later. 

Two  monkeys  were  treated  with  0.5  mg/;ig  poly  1:C,  IV,  J  hr  before  they 
were  administered  a  subcutaneous  inoculation  of  10  median  mouse  intracerebral 
lethal  doses  (MIClD^i^  of  Asibi  yellow  fever  virus.  A  2nd  dose  of  poly  i  :C 
was  given  24  hr  following  virus  inoculation.  One  of  CuO  monkeys  (ii-li5)  had 
been  dosed  with  poly  I:C  on  days  -6  and  -5  before  virus  inoculation.  The 
other  (A-964)  had  not  received  poly  I:C  until  the  day  of  virus  inoculation. 

Two  untreated  monkeys  died  between  132  and  144  hr  postinoculation  with 
10  MICLD„  of  Asibi  virus.  fA  mean  survival  t^me  of  138  hr  has  been  observed 
in  8  other  monkeys  receiving  similar  doses  of  virus  (Work  Tnit  0S6  02  4,10).  J 
One  of  the  poly  I:C-treated  anijnals  (B-115)  died  146  hr  after  virus  inocula¬ 
tion.  The  2nd  (A-964)  survived  for  216  hr. 

Poly  I:C  administration  appears  to  have  the  same  effect  as  lowering  the 
virus  dose,  i.e.,  orolongation  of  the  incubation  period  of  the  disease.  The 
length  and  severity  of  the  clinical  illness  are  unaffected. 
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Further  experimentation  seems  warranted  to  ascertain  the  poly  I:C  dosage 
scheme  producing  the  most  beneficial  results.  Poly  I:C  and  perhaps  other 
synthetic  interferon  inducers  could  play  a  role  in  antiviral  chemotherapy  by 
prolonging  the  period  of  incubation  and  reducing  the  number  of  virus  infecti¬ 
ous  units  for  a  period  of  time  so  that  a  chemotherapeutic  agent  may  effec¬ 
tively  limit  or  stop  the  clinical  disease. 

Micrctitration  methods  for  serum  neutralization  tests  by  plaque  neutrali¬ 
zation  have  been  standardized.  The  method  employs  a  constant -virus  varying- 
...r'.ur.  dilutfor.  technique.  We  have  been  able  to  obtain  consistent  plaque  for- 
..  -  .0..  .ji  '.  .  .  ..’n  cone rat  ions  of  live,  attenuated  Venezuelan  equine  en- 

-  e  t  L.  1,  ■- *,  C.'Lh)  virus  (TC-83)  vaccine  strain  on  VERO  cells.  In  acui- 
■■I'..  accurately  detect  serum  antibody  levels  by  the  plaque  neutrali- 
tau^u;-.  i.uehnique  (I'Xi),  This  test  was  necessary  if  serial  aritibod;.  responses 
c!  :a:'.oratory  aninals  \>  to  be  monitored.  It  may  also  be  a  helpful  tool  in 

I  ■'  '-'itro  studies  Cl  r.r  ’rapeutic  agents  to  evaluate  their  direct  effects 

eu  certain  viruses  by  ir.g  any  plaque-reducirig  capabilities  of  the  drug. 

Several  of  the  evaluation  studios  were  conducted  to  determine  if  Isatiu 
p-thiosemicarbazone  (IBT)  had  any  effect  on  TC-83  infection  as  measured  by 
PNT,  These  studies  were  done  primarily  to  gain  familiarity  with  study  tech¬ 
niques.  The  VERO  cell  cultures  were  inoculated  with  100  piaque-forming  units 
(PFU)  per  well  and  various  dilutions  of  IBT  in  different  combinations  and 
time  sequences.  The  doses  of  IBT  were  taken  from  Appleyard  £t  aj^. 's  studyl 
of  the  effects  of  IBT  on  poxvirus.  IBT,  in  doses  of  0,5,  2,  4,  and  S  mg/ml, 
dissolved  in  acetone  and  diluted  in  Earle's  Medium  199,  was  inoculated  into 
VERO  cell  cultures;  4  groups  of  wells  were  used.  In  Group  1,  the  IBT  dilu¬ 
tions  were  added,  followed,  after  1  hr  incubation  at  35  F,  by  TC-83  at  100 
PFl'/well;  in  Group  2,  IBT  dilations  were  followed  by  TC-83  immediately  at  100 
PFU/well;  in  Group  3,  100  PFU/wcll  of  TC-83  were  followed  immediately  by  IBX 
dilutions;  and  in  Group  4,  100  PFU/well  of  TC-83  were  followed,  after  3  hr  o 
incubation  at  35  F,  by  IBT  dilutions.  There  was  no  significant  reduction  of 
plaques  in  any  of  the  wells  of  the  4  groups.  Another  study  using  25  and  100 
mg/ml  of  IBT  was  run  with  no  significant  reduction  Oj.  plaques  in  any  of  the 
wells . 

It  appears  that  IBT  has  no  effect  on  TC-83  virus  replication  in  VFKO 
cells,  at  least  at  the  doses  used. 

PNT  is  a  useful  tot  1  for  in-vitro  evaluation  of  chemical  agents  for  thi.  Ir 
possible  antiviral  activity,  and  additional  compounds  will  be  tested  usir^j 
this  metiiod. 

Summary: 

A  synthetic  poly  I:C,  when  inoculated  IV  into  rhesus  -.nonkeys  win.ch  weiv 
later  infected  with  Asibi  strain  of  yellow  fever,  produced  an  effect  similar 
to  lowering  the  infecting  dose  of  the  virus.  The  incubation  periou  was 
.ength  ned ,  while  tne  cl.inical  illness  remained  unchanged. 
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The  microtitration  technique  to  run  serum  and  plaque  neutralization  is 
useful  to  test  serial  scrum  samples  for  antibody  titers,  as  well  as  evalu¬ 
ating  antiviral  chemical  agents  for  their  possible  antiarbovirus  activities, 
IBT  was  shown  to  be  ineffective  as  a  chemotherapeutic  agent  for  VEE  in  the 
doses  tried,  using  the  plaque-neutralization  technique. 

More  chemical  agents  will  be  tested  in  the  near  future,  as  well  as  some 
additional  studies  with  poly  t:C  to  determine  approximately  how  much  virus  can 
be  eliminated  by  its  use. 

Attempts  to  plaque  our  Asibl  strain  of  yellow  fever  virus  are  now  in  prog¬ 
ress  to  expand  the  evaluation  of  promising  antiviral  agents. 

i\i.. /II  cat  ions  : 


None . 
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Pro.l I'l.-. L  No.  iW(j62‘/ 1  )A096 ;  Miidicai  Defense  Aspects  oi  Hiological  Agent.s  (li'i 

Task  N'o.  1W662711A096  02;  Prevention  and  Treatment  of  Biological  Agent 

Casualtic.s 

Work  Unit  No.  096  02  412;  Develop  .Serological  Kethocl.s  lor  MilitJiry  Vaccine 

Evaluation 

■  ■■  ■  r  :  ,  1  iuil  ; 

0eyc:.).j  ..,.u ;  i.';a  L  i  on  tests  an  tis.sue  euliure  whici.  wouLa  Oc  u.ore 
■j n s  1 1. j_ V .ii'iu  .. e j s  cC(.jLiy  to  pe r f o mu  tl.an  Llie  currei't  ..iijuse  te...L. 


Os  Cl  s  .s  ; 


Studies  VA.re  initiated  to  standardize  a  pi..v;ue.  reduction  (PR)  test 
for  the  doctictioii  of  neutralizing  antibodies  formed  in  response  to  the 
admiais tratiou  of  arbovirus  vaccines. 

Each  of  the  6  di.she.s  in  35  mm  plastic  dispose- tray ;;  (Linbro  Chemical 
Co.,  New  Haver.,  Conn.)  was  seedoil  with  2.0  ml  of  a  suspcni.sion  of  VEKO  ceils^ 
(250,000  cclls/ml)  made  up  in  medium  199-Earle'.v  base  (199-10  containing 
.57;,  fetal  bovine  serum  and  100  unic.s  of  penicillin  (P)  and  50  ng  of 
streptomycin  (S)  per  ml.  The  monolayers  were  confluent  by  3  days. 

five  dilt;ents  were  compared  for  their  effirct  on  the.  inonoiayer.s  and 
on  the  vims  citor:  (1)  phosphate  buffered  saline,  pil  7.4,  containing 
iv:,  inactivai'cc;  nornuil  rabbit  somii'  .aid  1'  and  S (2)2/.  beef  heart  infu.^ion 
broth;  (3)  medium  199  -  Hank's  base  (i99-il)  containing  P  and  .S  and  0.25','„ 
human  serum  albumin  (HEA)  ;  (4)  mediui;;  'iv9.j.;  containing  P  and  E  and  USA; 
and  (5)  balanced  .salt  solution  -  Hank'.';  base  containing  P  and  S  and  HSA 
buffered  w'itl.  lU;pes  (10  mM),  pil  1  .'.i  (BS.S -lie')  .  No.  i  was  cyLotoicic, 
whereas  tlie  other  diluent;;  wi>re  not.  Plai;u,.'S  were  uniform  in  ;/iz,’  and 
shape  for  all  cituenl.-,  e.xcep;  no.  2.  A  fluctuation  in  ph  oecurri.'ci 
199-E  and  199-1-.  wdncli  w.-is  n-Llecied  in  ;;  variation  in  the  virus  iiLer.s. 
Kesuits  showes  tliat  .iSS-iK'  was  the  satisfacenry  ot'  tiie  cilucnts. 

Threi'  c-asl.erii  ecuine  one  epiia  i -i  i  ;  s  (f.-ilE)  virus  pfi  par.U  i  ons  were 
seli'cted  tor  le.stiii)::  (1  '  .'i  2h/  nou.se  brain  .^u.saen.'. .  on  of  tile  C’.ambr-jdge 
strain  u.'jeci  w,  ni  ri  e.m.ii  ng.  tbe  .si-mm  neu  t  rail /a  t ;  .ui  Lest  in  suekling  mice; 

(2)  a  50'.,  c!iici\  i.iitir'i.  .-.uspi-n.si  kui  oi  ;  Ik'  PE-f.  .■-■tra-in  used  for  vaccMu 
production;  .ir,.  '  >'■  ..  .-.uspen.s  j  on  if  Lbe  i’.-X.  .train  p,  rep.i  rei!  in  VEKO  ce,l.s. 

Seri.ll  logi,  >i  j  lut  1  o.-,  .  Ilf  L  iio  virus  jireparat  ums  wi-re  ir.adi-  .in.l  i  i  t  r.u  ed  . 

Till’  mou  ..  hr.ii;-.  . -aspi  ns  i ....  w.is  cytoto-xic  wf.en  .o/ir  .lilution.-  were  i.i-.sted 
in  1...  ■  res  e.-.i  .  .  I.  iii.r.run'-  .sei'ur-i.  Tin  .-.u  .;;i  uSi^  ..  pre’pareu  in  V.IKO  c-.-lis 


varied  in  titer  from  Cost  to  tost  with  a  significant  drop  over  a  period  oi 
i>  mon.  The  chick  embryo  preparation  has  remained  stable  over  a  period  of 
4  yr  and  is  not  cytotoxic. 

Established  procedures  were  used  for  inoculating  the  monolayers  and 
adsorbing  the  virus:  3  replicate  dishes  were  Inoculated  with  0.2  ml  of  each 
preparation  tested,  followed  by  adsorption  for  1  hr  at  36  C. 

Three  different  volumes  of  overlay  were  compared  for  their  effect  on  the 
"mola'.ers  and  on  the  virus  titer.  Results  of  tests  using  2.0,  3.0,  and  A.O  ml 

•.  .■.ay  .-lov.u  chat  maximum  virus  titer  was  obtained  with  3.0  ml.  There 
■.'.e  di-ffereiiLcs  in  the  effect  on  the  monolayers.  Three  separate  plaqui-Ob 
c,  .-...i c io'i'is  were  tested;  (1)  IT,  agarose  in  medium  19v  containing  P  and  S  and 
..n  d  5Z  CO2  atmosphere;  (2)  the  same  medium  in  a  sta-ndard  incubator  utiliiiing 
L  .Ied  -’.■.ly.s;  and  (2)  17,  agarose  in  L-15  medium  conL..iining  P  and  S  in  a  .stanuara 
■..-•abator .  In  each  of  the  procedures  described,  1-nr.'.  plaques  formed  in  3  days 
■-;'.aer  3.0  mlof  overlay  at  a  temperature  of  36  C  and  a  pH  of  7.3. 

The  counting  of  plaques  was  facilitated  by  staining  the  viable  cells  in 
the  monolayers  with  a  1:7,800  dilution  of  neutral  red  prepared  in  BSS-He,  This 
diluent  was  more  satisfactory  than  either  Saline  A  or  BSS-Earle's  base  because 
its  pH  remained  constant.  A  1:9,000  dilution  of  neutral  red  was  found  to  be 
less  effective.  Two-ml  volumes  were  used  as  a  matter  of  convenience  and  placed 
in  each  dish  of  the  trays  which  were  incubated  for  several  hours  at  36  C, 
after  which  time  the  stain  was  poured  off.  The  trays  were  then  placed  in  a 
4  C  refrigerator  overnight;  plaques  were  counted  the  following  day.  Refrigeration 
not  only  prevented  an  increase  in  plaque  size  but  it  also  allowed  maximum 
staining  to  take  place  providing  well  defined  plaques  that  could  be  quickly 
and  easily  counted. 

Plaque  reduction  serum  neutralization  (PR-SN)  tests  wre  performed  using 
the  test  procedures  indicated  above.  The  serum  samples  ti  ted  were  obtained 
from  an  EEE-vaccine  study  project  in  volunteers  (Medical  D.  vision  Protocol 
No.  71-5).  Sixteen  individuals  were  bled  prior  to  and  on  days  7,  14,  2B ,  35, 

42,  56,  and  90  after  vaccination.  Scrum  pools  from  i_ach  day's  bieediag  except 
day  90,  were  prepared  using  0.5  ml  of  serum  from  each  volunteer.  The  remainder 
of  each  serum  sample  was  stored  at  -30  C  for  future  testing.  Each  pool  was 
tested  for  its  ability  to  reduce  plaque  formation  in  the  fresh  state,  after 
freezing  and  thawing,  and  following  lieat-ina ctlvation  at  60  C  for  30  min. 

Serial  logj^Q  dilutions  of  virus  were  prepared  and  added  to  equal  volumes  of 
each  serum  pool.  Incubation  of  the  virus-serum  mixtures  was  carried  out  at 
37  C  for  1  hr  followed  by  inoculation  onto  the  monolayers.  The  results  of 
these  tests  are  presented  in  Table  1.  No  significant  differences  in  titers 
between  the  fresh  and  frozen  serum  pools  are  seen.  However,  significant 
differences  are  seen  in  titers  when  the  hoat-inactivated  serum  pools  arc 
compared  to  the  fresh  and  frozen  serum  pools.  Those  diflerences  occur  beginning 
on  day  14  postvaccination  at  the  time  antibody  formation  begins  to  appe.ir. 
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The  PR  tests  on  the  individual  scrum  samples  Were  done  in  duplicate 
using  the  constant  serum-varying  virus  method  noted  above  and  using  the 
constant  virus-varying  serum  method  performed  as  iullows:  1 2  serial 
2-£old  dilutions  of  each  serum  sample  were  prepared  starting  with  a 
1:10  dilution.  An  equal  volume  of  virus  suspension  diluted  to  contain 
approximately  100  PFU  was  added  to  each  serum  dilution.  The  remaining 
test  procedures  performed  were  the  same  as  for  the  constant  senim  method. 

Sera  were  inactivated  with  heat  for  the  constant  scrum  method  since 
results  using  serum  that  was  not  so  treated  were  inconsistent.  Heat 
triatr.ient  was  unnecessary  for  the  varying  serum  method.  The  titers 
..  hi  a..v.Lci  uointi  these  2  methods  were  compared  to  the  titers  obrjir.ed 

the  suckling  mouse  serum  neutralization  (SM-SX)  test.  te-aLs 

Avre  performed  with  heat-inactlvatcd  sera  using,  the  constant  serum-varyin,.- 
virus  routine  procedures  developed  in  this  laboratory.  One  of  t.iese 
roccdures ,  the  incubation  of  serum-virus  mixtures  overnight  at  4  C  in 
the  presence  of  complement  (C  ),  is  a  matter  of  convenience.  Results 
do  not  differ  from  those  obtained  with  serum-virus  mixture.^  incubateu 
at  37  C  for  1  hr  '.vitnout  C  .  In  the  routine  performance  of  PK-SN 
tests,  the  serum-virus  mixtures  are  incubated  at  37  C  for  1  hr,  again, 
a  matter  of  convenience.  Results  obtained  with  serum-virus  mixtures 
incubated  overnight  at  4  C  with  or  without  C'  were  comparable, 

The  SN  indices,  expressed  as  logjQ  values,  represent  the  difference 
in  titer  between  the  pre-  and  postvaccination  serum  samples  using  the 
constant  serum  method.  SN  titers,  expressed  as  logj^Q  values,  represent 
chat  dilution  or  serum  causing  a  50%  reduction  in  the  number  of  plaque 
forming  units  used  in  that  particular  test.  The  results  of  these  tests 
are  presented  in  Table  II.  The  indices  and  titers  differ  for  each  test, 
which  is  to  be  expected  since  3  different  SN  tests  were  used.  The 
highest  titers  were  obtained  using  the  varying  serum  PR  test.  Indices 
0.3  of  a  log  lower  were  obtained  using  the  mouse  test.  Indices  using 
the  constant  serum  PR  test  were  I  log  lower  than  the  titers  obtained 
with  the  varying  serum  PR  test.  Nevertheless,  these  results  may  be 
used  to  compare  the  mouse  test  with  the  2  PR  tests  since  they  were 
found  by  stati';tical  analysis  to  be  well  correlated.  A  linear 
regression  was  calculated  relating  the  mouse  SN  index  (X)  to  the  constant 
serum  PR-SN  index  (Y)  of  128  sera,  using  die  method  of  least  squares  a 
regression  line  was  also  calculated  relating  the  SM-SN  index  (X)  to 
the  varying  serum  PR  titer  (Y)  of  the  same  128  sera.  based  on  linear 
regression,  an  X  value  of  1.7  (the  accepted  lower  limit  for  a  "positive" 
scrum)  correlated  with  a  value  of  1.0  for  Y,  using  the  constant  serum 
method  and  a  value  of  2.0,  using  the  varying  scrum  method.  For  a  value 
of  1,7  for  X,  the  95%  confidence  limits  for  Y  =  1.0158  were  0.9757  and 
1.0559  and  for  Y  =  2,0257  were  1.8984  and  2.1530.  The  relationship 
between  the  indices  and  titers  for  these  3  tests  is  depicted  in  Table 
III.  The  values  shown  for  the  PR-SN  tests  represent  averages;  there¬ 
fore,  the  scale  shown  should  not  be  used  for  direct  extrapolation. 
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table  I.  COMPARISON  OF  RESULTS  OF  PLAQUE  REDUCTION  TESTS  USING  FRESH, 
FROZEN,  AND  HEAT- INACTIVATED  SERUM  POOLS 


DAY  POST 
VACCINATION 

TITER  LOGio 

No  serum 

Scrum 

Fresh 

Froisen 

Heat-Inactivated 

8.6 

n.d. 

7.0 

7.3 

7 

8.4 

7.3 

7.3 

7.4 

14 

8.6 

6.0 

6.0 

7.1 

28 

8.5 

4.8 

5.1 

6.8 

35 

8.6 

4.5 

4.4 

6.4 

42 

9.1 

4.6 

4.5 

6.6 

56 

9.1 

4.4 

4.4 

6.7 

n.d,  =  not 

done 

TABLE  II. 

COMPARISON  OF  RESULTS  USING  TWO  METHODS  FOR 

PERFORMING  PR-SN 

TESTS  AND 

THE  SM- 

SN  TEST 

day 

INDEX^/ 

TITER^'^ 

POSTVACCINATION 

SM-SN 

Constant  Serum 

Varying  Serum 

log^o 

PR-SN 

PR-SN 

loglO 

loglO 

0 

0.0 

0.0 

0.5 

7 

0.3 

0.1 

0.6 

14 

0.8 

0.7 

1.5 

28 

0.9 

0.7 

1.4 

35 

1.9 

1.2 

2.3 

42 

2.1 

1.2 

2.5 

56 

1.9 

1.1 

2.2 

90 

1.6 

0.9 

1.8 

a.  Differc 

!nce  in  titer  between  the 

pre-  and  postvaecination  serum  samples. 

b.  50'/v  reduction  in  the  number  of  PFU  used  in  the  test. 
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The  SN  Indices  of  1.9  and  3.5  logs,  and  the  SN  titer  of  3.9  logs, 
represent  the  actual  peak  values  obtained  for  each  of  the  3  SN  tests.  The 
0.0  levels  for  both  FR-SN  tests  were  found  to  be  lower  than  the  0.0  level 
for  the  SM-SN  test.  This  finding  was  reflected  in  the  fact  that  low 
levels  of  antibody  which  were  not  detected  using  the  SM~SN  test  were 
shown  to  be  present  using  both  of  the  PR-SN  tests. 

Summary: 


Two  ?R-.?N  tests  were  compared  to  the  SM-SN  test.  These  PR  tests  were 
(  ..-jronv.LiU  for  l/b  the  co.st  and  in  1/2  the  time  of  the  mouse  test.  These 
eai'.'.e  2  tests  were  also  found  to  be  more  sensitive,  in  that  low  levels  of 
specific  antibody  were  detected  with  them  which  were  not  detected  in  the 
SM-SN  teat. 

Of  the  2  PR-SN  teats,  Che  varying  serum  method  affords  more  advantages, 
most  importantly,  sera  may  be  tested  individually  instead  of  in  pairs  or 
groups.  This  is  possible  since  the  serum  titer  is  determined  by  the  ability 
of  Che  dilutions  of  serum  to  reduce  50%  of  the  viral  plaques  present  in  the 
control  monolayers.  Other  advantages  which  became  apparent  in  the  course 
of  these  are  currently  being  evaluated. 

Publications! 


None 


LITERATURE  CITED 

1.  Stem,  T.  1969.  Arbovirus  plaquing  in  two  simian  kidney  cell  lines. 
J.  Gen.  Virol.  5:329-338. 


267 


ANNUAL  PROGRIiSS  REPORT 


Project  No.  1W662711A096 : 
Task  No.  1W662711A096  02: 

Work  Unit  No.  096  02  800: 

Rciporcing  Installation: 

Division: 

Period  Covered  by  Report: 
Professional  Authors: 


Medical  Defense  Aspects  of  Biological  Agents  (U) 

Prevention  and  Treatment  of  Biological  Warfare 
Casua Ities 

Development  of  a  Polyvalent  Staphvl  oen.n-n.'- 
aureus  Toxoid 

U.  S.  Army  Medical  Research  Institute  of 

Infectious  Diseases 

Fort  Detrick,  Maryland  21701 

Pathology 

1  July  1971  to  30  June  1972 

Joseph  F.  Metzger,  Colonel,  MC 
Anna  D.  Johnson 


Reports  Control  Symbol:  RCS-MEDDH-288  (Rl) 

Security  Classification: 


UNCLASSIFIED 


268 


RESEARCH  AND  TECHNOLOGY  WORK  UNIT  SUMMARY 


I.  OATI  DAIV  lUiTHV 

71  07  01 


10.  HO  /cooils* 


eonnot.  tmmi, 
0U/)N4KM 


MOO^AM  lUtMCNV 


NUdAtCT  NUMBBPI  I 

1W662  711A096 

02  J 

800 

I  PtraffM'.Tffi—  nm  — ii  1 1  nn> \i\ 
[tmsimjjmrmmmmi 


menc  of  a  polyvalent  staphylococcus  aureus  toxoid  for  protection 
an  Illness  of  military  importance 


ICKNtIfiC  AND  ▼ICMNObOdICAL  ARIAl* 

003500  Clinical  medicine;  004900  Defense;  016800  Toxicology 


1.  CONTNACY/ONANT 
A  OATft/tRRieriVt. 

K  NUMNCA  *  NA 

6  TV4i. 

«.  KIND  0»  A4A40; 


I  MitPOMIItLC  MO  OII44H.  lAtlON 


.4  ,..<>U.C....T,.A.. 

A  ANOIIIIIOMAl  MAN  VA» 

k  RUNM  ffn  A*ueMiM*> 

RllCAi. 

71 

1.0 

50 

d  AMOUNT: 

r.  CUM,  AMT. 

VIAN 

72 

1.0 

39 

in  OKOrOAWINOOnOAMtUTIOM 


USA  Medical  Research  Institute  of 
Infectious  Diseases 
*«*““•  fort  Detrlck,  MD  21701 


•4«.,*  Pathology  Division 
USAMRIID 

Fort  Detrlck,  MD  21701 


mnoosiilK  msiviDuiiA 

iiksii  Crozier,  D. 

TiLioNONit.  301  663-2833 


II.  OimiltL  OK 

Foreign  Intelligence  considered 


MlNCI^Al.  INVIlTiOATDN  firumiMA  MAJV  (f  (/  I.  4UN«*(i  /ntUtwIlMV 
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nteTotoxin;  TO)  jtaph*lococcu8  aureus;  (U)  Toxoid;  (U)  Military  medicine 
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23  (U)  Develop  a  polyvalent  toxoid  which  would  include  Staphylococcus  aureus 
enterotoxins  A,  B,  C,  and  D  and  other  exoprotelna.  This  work  unit  is  an  essential 
element  In  a  comprehensive  program  for  medical  defense  against  BW  agei  ts, 

24  (U)  Preparation  of  a  polyvalent  toxoid  of  enterotoxins  A,  B,  C,  and  D  at  a 
concentration  of  500  ralcrograms  per  milliliter  of  each  toxoid. 

25  (U)  71  07  -  72  06  -  Gram  amounts  of  enterotoxins  A,  B,  and  C  (SEA,  SEB,  and  SEC) 
have  been  prepared.  Each  toxin  will  be  formalin  toxolded  and  mixed  only  after  each 
toxoid  preparation  passes  all  safety  tests,  SEA  utilized  In  previous  studies  was 
prepared  by  Schantz  and  had  an  oral  median  illness  dose  (ID- 50)  of  40  mlcrograms/kg. 
This  material  was  impure  by  electrofocusing  and  electrophoresis.  Modification  of 
Scantz's  procedure  has  resulted  In  preparation  of  a  highly  purified  entorotoxln  A 
which  has  an  oral  ID- 50  of  4  mlcrograms/kg,  A  D  enterotoxin  has  been  prepared  and 
purified. 

Publlcatlcn;  Bloclilni.  Blophys,  Acta  254:  183-186,  1972. 

Terminated  since  PY  1973  funding  will  be  under  The  Surgeon  General,  Army. 
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extract  media  with  0.2Z  glucoso.  No  CO2  noration  is  nccns.sai’y  , 
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be  ineliidod  in 

the 
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Gram  amounts  of  staphylococcal  enterotoHins  A,  B,  and  Cj  have  boon 
prepared.  Toxoidlng  with  formalin  will  be  accomplished  in  the  near 
future.  Definitive  identification  of  enterotoxin  0  has  been  accomplished. 
A  new  enterotoxin  C-,  was  found  to  be  produced  by  the  prototype  strai,,  of 
0  (ATCC  23235). 


Ml- tr.gor ,  d.  e.,  A.  D.  Johnson,  and  W.  S.  Collins,  11.  1^)73. 

e..'.;, ;  eon  and  j.-.,. i  f  icu  t  ion  of  S  ta  pli  v  1  oc  oe  c  u  s  .i  u  ;■  ■.  u ..nteiotoxin  B  tiy 
,  c.'oloeusins;.  oiochim.  Biophys.  Acta  257  : 18.;- 186  . 
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23  (U)  Investigate  Interaction  of  staphylococcal  enterotoxln  B  (SEB)  with  lymphoid 
cells  end  determine  Its  significance.  This  work  unit  Is  an  essential  element  In 

a  comprehensive  program  for  oiedlcal  defense  against  BW  agents, 

24  (U)  Short  term  lymphoid  cell  culture  allows  the  study  of  the  action  of  SEB  on 
isolated  cell  population  and  a  detailed  analysis  of  the  Intracellular  events 
triggered  by  SEB, 

25  (U)  71  07  -  72  06  -  The  types  of  cells  which  can  be  Induced  Into  mitotic  cycles 
by  SEB  have  been  determined.  The  initial  events  of  its  Interaction  with  the  cell 
membrane  have  been  studied  both  by  following  Che  uptake  of  SEB  by  the  cells  and  by 
studying  membrane  enzyme  changes  after  eKposure  of  cells  to  SEB,  No  direct  evidence 
exists  to  show  that  SEB  enters  the  cell  which  It  then  can  cause  to  divide,  nor  is 
there  evidence  that  SEB  can  cause  changes  in  membrane  enzyme  activity  as  has  been 
reported  to  occur  with  cholera  enterotoxln. 

The  specific  mitogenic  effects  of  SEB  are  probably  not  related  to  its  toxicity, 
but  its  rapid  interaction  with  cell  membranes  may  be  essential  to  our  understanding 
of  its  toxic  effects. 

Terminated  since  FV  1973  funding  will  be  under  The  Surgeon  General,  Army. 
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Project  No.  lis'66271lA096:  Medical  Defense  Aspeetb  of  biological  Agents  (U) 

Task  No.  1W662711A096  02:  Prevention  and  Treatment  of  Biological  Warfare 

Casualties 

Work  Unit  No.  096  02  801:  Effects  of  Staphylococcal  Enterotoxin  iJ  on 

Lj'inphoid  Cells  iai  v.  cro 


.1^  avion  of  s  i  aphylococ  i_ai  t_r.Lcrotoxin  B  with  lyinph.oih 

...c  t..  .  i.o  btgnific.ar.ee. 


The  actions  o,  the  staphylococcal  en Cerotoxin.s  on  the  whole  animal  have 
been  well  establisVicd. ^  The  localisation  of  entorotoxin  b  in  experimental 
animals  has  been  described^  but  the  loc.ilizaci on  has  not  been  firmly  linked 
to  the  mechanism  of  toxicity.  ^  I'he  studies  th.it  were  carricc  ov.t  v/ith  the 
staphylococcal  enterotoxins,  in  particular  enterotoxin  li  (SEl'Oi  were 
designed  to  trace  the  effect  of  the  toxins  on  isolated  cell  population  using 
in  vitro  tissue  culture  techniques. 

It  was  found,  that  a  variety  of  lymphoid  cells  i£i_  vitro.  mous;c  spleen, 
thymus  and  bone  marrow  cells  and  human  peripheral  blood  lymphocytes  would 
be  stimulated  to  undergo  division  cycles  after  a  brief  exposure  to  SEE. 

It  appeared  from  Che  types  and  numbers  of  cell.s  stimulated...by  SEE  that  it 
r^as  causing  a  mitogenic  stimulation  in  some  nonspecific  fn-shion.  Besides 
the  mitogenic  effect  of  SEE,  it  wa.s  found  that  enterotoxin  A  and  to  a 
lesser  extent  enterotoxin  C  were  also  mitogenic  stimuli.  Even  very  purli'ii-d 
preparations  of  these  toxin.s  wore  able  to  stimulate  the  cells.  Tlu-  ability 
of  the  toxins  to  stimulate  cells  did  not  depenc  on  a  previous  exposure  of 
the  donor  anim.al  to  the  toxin.  Tniniunir'’,at  ion  of  the  cell  cionor  animal  did 
not  result  in  a  change  in  ^  vi ci'o  roactivity  of  the  animals'  cells  of  St!!). 
Furthermore,  the  amount  of  anti-SEB  antibody  in  the  serum  of  90  humans  did 
not  correlate  with  ilic  extent  o"'  SEE  induced  ui  vi  urn  stimulation  of  their 
peripheral  blood  lymphocytes.  In  .several  experiments,  it  was  found  that  a 
nontoxic  toxoid  of  f.EE  which  retained  antigenic  char.U'tcristics  similar  to 
the  to.sln  could  also  act  as  a  cell  mitogen. 

lie.sides  the  /ibility  of  the  i-nterotoxin.s  to  induce  l_\anphoid  eell 
mitosis,  it  w.is  seen  that  the  to.xin.s  ^oulu  i.n..',.ee  the  cell.s  to  product' 
various  substances  which  in  turn  could  affcvC  oiher  types  of  cells  which  were 
not  affected  directly  by  the  toxin.  For  example,  1.  cells  t)r  niou.su  i' i  broii  las  ts 
.showed  no  evtopathic  effects  when  exposo^l  lo  eute  roto.x  in  b.  ;iowcvur,  if 
l'.M.p’',o'. ..  ccll^  pliib  .Silli  w..rc  Laoui-att'tl  witli  I.  cull:'  or  i' i  hroi)  1  .is  t  .s  for  2-'.  hr, 
t'.'ie  L  cc.I.-.  and  f  il'.robl  as  t.s  wur.  ...e.stroyi-d.  ^  i  p  tissue 
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culture  media  from  lymphoid  cell  cultures  stimulated  with  SEE  was  put  on  the 
L  cells  or  fibroblasts,  the  same  pattern  of  destruction  was  seen* 

The  mitogenic  effect  of  the  SEE  was  found  to  require  only  a  brief 
exposure  of  the  lymphocytes  to  SEE,  about  10  min  in  some  experiments.  After 
10  min  the  cells  could  be  washed  and  all  traces  of  SEE  removed,  but  the 
cells  still  entered  mitotic  cycles.  Using  radiolabeled  SEE  and  the  techniques 
of  autoradiography,  it  was  impossible  to  show  that  the  SEE  was  Incorporated 
into  the  lymphoid  cells  which  it  affected.  Other  cell  mitogens  have  been  shown 
to  be  Incorporated  into  the  affected  cells,  and  that  a  specific  membrane 

>!)f;  fystem  exists  which  allows  this  interaction.  Other  techniques 
!.ilc>-ed  .0  investigate  this  latter  observation.  Using  a  sensitive 
assay  system  to  detect  SEE  in  cell  culture  supernates,  it  was  found  that 
aitei'  exposure  of  SEE  to  lymphoid  cells  there  was  a  rapid  drop  in  the 
detectable  SEE  in  the  supernate  of  the  culture;  however,  after  another  brief 
time  period  the  detectable  SEE  increased  in  the  tissue  culture  media;  at 
the  end  of  2  hr  incubation  the  original  amount  of  SEE  which  had  been  added 
to  the  culture  could  again  be  found  present  in  the  media  and  not  cell  bound. 
Therefore,  it  appears  that  SEE  acts  som.ewhat  like  an  enssyme,  rapidly  attaching 
to  the  substrate  on  the  cell  surface  and  after  interacting  with  the  surface, 
detaching;  it  can  then  be  found  in  the  media. 

A  series  of  experiments  were  performed  in  an  attempt  to  elucidate  the 
connection  between  the  cell  surface  effect  of  SEE  and  the  intracellular 
events  initiated  by  SEE  which  result  in  cell  division.  These  studies,  withi 
Major  DeRubertls,  centered  on  the  measurement  of  the  adenyl  cyclase  activity 
In  a  cell  population  which  was  exposed  to  various  substances.  The  assay 
system  was  shown  to  be  sensitive  enough  to  pick  up  the  cyclase  activity 
changes  Induced  by  low  levels  of  prostaglandins.  As  yet  no  significant 
effect  on  adenyl  cyclase  activity  or  cyclic  AMP  levels  has  been  shown  to  be 
a  property  of  SEE.  It  may  be  that  the  SEE  will  be  shown  Lo  decrease  the 
cyclase  activity,  but  the  significance  of  these  preliminary  results  is 
unknown  at  present  and  is  the  subject  for  future  investigations. 

Summary ; 

Staphylococcal  enterocoxins  are  potent  lymphocyte  mitogens.  Vdiuir 
other  effects  on  l>'mphocytes  are  to  induce  the  release  of  toxic  substances 
and  allow  the  Icmiphocyte  to  destroy  other  tissue  culture  cell  lines.  iiowcvtc, 
these  effects  of  enterotoxins  on  lymphoid  tissue  are  probablv  not  Ltie  mL'cr.aa-..s:',i 
of  toxicity  in  the  whole  animal,  because  (1)  the  amount  of  gUb  neecec;  to 
effect  tnc  lymphoid  tissue  is  more  than  that  needed  to  proi.,uce  to:-;;.c  effects 
i.~.  vivo.  (2)  the  time  needed  to  produce  effects  on  Icmiphoid  tissue  is  more 
chan  that  needed  to  produce  toxic  effects  1^  vivo,  and  (3)  toxoid  also  serves 
ns  u  mitogenic  stimulus  but  is  nontoxic  in  vivo.  SEE  exerts  its  effects  or. 
lymphocytes  by  a  rapid  interaction  with  the  coll  membrane,  .'innloc.ous  to  an 
enxyme  effect  on  a  substrate.  The  intracellular  events  criggeret:  by  this 
. ’crane  inter, ;ctior.  are  not  yet  known. 
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(U)  Toxlnai  (U)  Staphylococcua  aurau*;  (U)  Anttsana;  (U)  Military  nadlcina 


II.  TfCMNIGAVi  OOJieTIVIi*  |4  AMMMACN*  MOCOMCII  rOMAMM  kmM aiOwM  »8aa<w^a  MfcHOad 8r  wMd.  Mil  af  agM  ««•  8M«HO  ClaailllMltaa 

23  (U)  la^rova  affieiancy  and  apaciflcity  of  laathoda  uaad  for  chaaical  traatnent 
of  antigana.  Thia  vork  unit  la  an  aaaantlal  alaaant  in  a  coaprahana iva  program 
for  Bwdical  dafanaa  againat  BH  aganta. 

24  (U)  Uainr  ataphylococcal  antarotoxlna  aa  a  aodel^.  try  varioua  mathoda  of 
inactivation  to  produea  battar  antigana. 

25  (U)  71  07  -  72  06  -  Staphylococcal  anterotoxin  B  (SEB)  aaa  foriaallnlxad  in 
aquaoua  0.9X  formalin  at  37  C  and  pH  5.0,  7.5  or  9.5  for  30  daya.  It  waa  damonatrated 
by  Saphadax  gal  filtration  and  polyacrylamide  gal  alactrophoraaia  that  toxin  treated 
with  acid  or  neutral  formalin  ia  croaa-llnkad  into  high  molecular  weight  polyitera  by 
interaiolacular  covalant  bonda.  Denatured  anterotoxin  nonoaar  only  waa  obtained  from 
ioxmalin  treatment  at  pB  9.5.  In  preliminary  axparimenta  aach  of  the  3  fomalinixed 
praparationa  waa  nontoxie  for  rhaaua  aunkeya.  Bowavar,  rily  polynerle  antarotoxoid 
induced  auatainad  high  lavala  of  SEB  hamagglut Inina  in  thaaa  aninala,  Thua  antigenic 
aitaa,  but  not  toxic  aitaa,  ware  protected  againat  formaldehyde  denaturation  during 
croas-linking  of  SEB  into  polymeric  apaciaa. 

In  other  atudiaa  the  effect  of  guanidine  hydrochloride  and  acid  pH  upon  the 
eemforaatlon  of  SEB  waa  determined  by  vlacometrlc  and  direct  ultraviolet  apactro- 
photoMtry.  Preliminary  work  auggeata  that  the  toxin  poaaeaaea  an  unuaually  atable 
native  conformation.  If  confirmed,  auch  atructural  atabillty  would  permit  interaction 
of  the  toxin  with  primary  alimentary  receptor  altea  deapito  the  extreme  intraluminal 
pH  of  the  gaatrointaatinal  tract. 

Terminated  ainca  FY  1973  funding  will  be  under  The  Surgeon  General,  Army. 

New  Project  No.  3A06211QA834;  Acceaaion  No.. DA  0B6427. 
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r  1. pi  i  -in  : 


Improve  ctficioncy  and  specificity  of  methods  used  for  chemical  treataiont 
of  antigens. 


Progress : 


This  study  consists  of  3  phases.  Phase  I  v;ill  establi.sh  the  effect  of 
formaldehyde  upon  Che  toxicity,  in  vivo  antigenicity,  and  physical-chemical 
properties  of  staphylococcal  enterotoxin.  Pha-se  II  is  a  study  of  the 
confoiTT.atior.al  stability  of  the  enterocoxins  cowards  chemical  denaturants, 
extreme  acic  or  alkaline  pU,  and  elevated  temperatures.  Phase  III  will  deal 
with  the  interaction  of  highly  specific  amino  acid  modifying  reagents  with 
en  terotoxin. 

Efforts  in  the  first  phase  have  concentrated  on  the  effect  of  formaliniza- 
tlon  upon  the.  sixe,  .shape,  charge,  and  free  amino  content  of  the  staphylococcal 
enterotoxin  b  (Shb)  molecule,  blio  wa.s  .audeu  at  a  concentration  of  2  mg/ml  to 
0.15  M  phosph.ato  buffer  at  pii  5.. 0  or  7.:>  or  r.o  0,05  M  bicarbonate  buffer  at  pH 
9,.5.  I’ormalde'nyde  was  then  di.'ily.,od  into  each  enterotoxin-buffer  solution  to 
a  final  concentration  of  0. 9't,  (v/v)  over  lf;-nr  period.  Each  of  the  solutions 
was  maintaineii  for  jO  days  at  h'/i,;  jn  a  slowly-shaking  water  bath.  At  freciuent 
intervals  aliqtiots  were  removed  ana  .suly'c.'ted  to  celliilose  acetate  electro¬ 
phoresis  to  ascertain  changes  in  charge,  to  .Sephadox  0-100  gel  filtration  to 
cliaracter ice.'  .size  nnd/or  .shape  of  tlu?  reaction  products,  polyacrylamide  gel 
electrophoresis  in  sodium  dodecyl  ruifate  fur  a  precise  e.stimate  of  molecular 
weiednis  and  ninhydrin  cie tervainal  ion  of  free  amino  groups.  Within  2i-4S  hr 
of  exposure  to  formaldehyde  at  tie-  3  plls,  SEB,  a  basic  protein  in  its  tiaLi\'e 
state,  ^  demons  traicd  the  anodal  mv.bii'.  tv  ot  an  aciu  protein  upon  cellulose 
acetate  ciet  crophoi\‘£  Ls.  'I'ai.-,  ob:  ervati  on  voi'.firms  the  ability  of  foniialdehydu 
to  react  with  tne  basic  amino  ucii.  resuU;e;;  of  proteins.^  For  the  ptv'tcin 
forraalinized  at  pi*  5  no  material  was  detecteO  in  the  void  of  Sephadex  h-lOG 
gel  until  day.s  2-3  of  treatment.,  a  progressi\a.*ly  larger  pe.-ik  then  occupy  in... 
the  Vij'id  volume,  position  in  G-l:;0  iliroma  LOgrar..;-.  from  liavs  3-11'.  .ty  the  lOti’. 
any  most,  c.-  the  enterotoxin  fornalinixcd  at  low  pfi  i.'luteu  frc'm  c..>lumn.s  in 
.'it*  void  vol,.;;',i  ,  2  smitller  po.ik:*  observed  ..i.ter  the  veeid  ti'pcv  s  en  t  in,*, 
t'.  e  t  ro  ■g'Ceo*. , f.atcr.-al  I'et.'iruec  ;>y  tht*  ..*ei.  .\  s..:‘.'..lar  (i-.'Jo  s.',.r^'i."tittw'.'ram  \,'as 
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formaldehyde  reaction  product  at  pH  9.5  was  moatly  retarded  by  Sephadex  G-lOO, 
only  a  very  small  amount  of  protein  appearing  In  the  void.  The  column  was 
calibrated  with  9  separate  marker  proteins,  thus  enabling  an  estimate  of  the 
molecular  weight  of  the  different  filtration  fractions  at  each  pH  as  follows: 

(1)  pH  5  derivative  consisted  mostly  of  polymeric  material  of  >  150,000  tn.w. , 
Small  amounts  of  a  formaldehyde-denatured  monomer  (apparent  m.w,  38,000  + 

2,000^  and  dimer  (84,000  +  4,000);  (2)  pH  7.5,  derivative  mostly  polymer(s) 

>  150,000,  some  denatured  monomer  or  dimer  (55,000  +  9,000)  and  dimer  or 
tetramer  (100,000);  (3)  pH  9.5  formaliniaed  enterotoxln  almost  totally 
formaldehyde-denatured  monomer  or  native  dimer  (55,000  +  6,000)  and  some 
diL.k'r  or  tetramer  (120,000).  The  presence  of  formaldehyde-denatured  enteri;tu;-;i" 
'..'.onoinet  in  each  of  the  3  derivatives  and  polymers  of  this  monomer  with  the  pH 
5  and  7,5  treated  protein  was  confirmed  by  polyacrylamide  gel  electrophoret is 
in  sodium  dodecyl  sulfate,  utilising  4  standard  marker  proteins  for  calibration. 
Finally,  ninhydrin  analysis  revealed  that  at  pH  9.  5,  657.  of  amino  groups  of 
SEK  were  blocked  by  formaldehyde,  at  pH  7.5,  607,  and  at  pH  5.0,  507, 

After  30  days,  enterotoxin  preparations  from  each  pH  were  dialyzed  free 
of  fomialdehyde  and  examined  for  antigenicity  and  toxicity.  The  enterotoxin 
treated  with  acid  (pH  5)  formalin  demonstrated  a  clear  reaction  of  partial 
identity  with  native  enterotoxln  on  Ouchterlony  double-diffusion  plates.  No 
precipitin  lines  were  detected  on  double-diffusion  plates  with  the  protein 
formalinized  at  pH  7.5  or  9,5«  Finally,  each  derivative  was  injected  into  a 
rhesus  monkey  at  a  subcutaneous  dose  70  times  greatei*  than  that  lethal  for 
native  protein.  No  toxic  manifestations  (emesis,  diarrhea,  death)  occurred 
in  any  of  the  monkeys.  SEE  hemagglutinins  were  then  determined  at  2-week 
intervals  in  each  monkey.  Enterotoxin  toxoided  with  acid  formalin  induced,  the 
highest  hemagglutinin  titer,  1:1280  at  18  weeks  postinjeetton;  with  protein 
detoxified  with  neutral  formalin  Inducing  a  more  sluggish  response,  i.e,, 

1:320.  The  formaldehyde-denatured  monomer  derived  at  pH  9.5  caused  no  * 
antibody  formation  following  subcutaneous  injection. 

During  the  next  year,  effort  in  this  phase  will  be  t^irecietl  towarus  chf 
following  goals:  (1)  confirmation  of  In  vivo  toxiciuy  and  antigenicity 
tn  a  larger  group  of  rhesus  monkeys;  (2)  examination  of  the  ocher  antigenic- 
types  of  staphylococcal  en terotoxins ,  i.e.,  toxins  A  and  Ci;  (3)  the  use  of 
Specific  gel  filtration  fractions  to  reduce  time  neecetl  lor  toxoiding  and/or 
to  eliminate  residual  toxicity,  if  observed  in  future  studies. 


Work  has  recently  been  initiated  on  this  phase  II.  As  determined 
viscometry,  enterotoxin  b  completely  unfolds  between  2  M  and  4,5  K  aqui 
guanidine  hydrochloride.  However,  it  was  found  by  direct  spectres cepv 
near  ultraviolet  spectrum  that  this  unfolding  is  very  slow,  taking  cays 
tne  lower  concentrations  of  guanidine  hydrochloride.  This  is  most  v.inu& 
behavior,  other  proteins  studied  by  these  technique^-  anfolded  at  a  vtu  * 


by 
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Wui!  i'Vircr.c'*: 


fciSLer  raLe.^  The  high  coijree  of  conformiitional  stahil-fLy  of 
v‘0n*inr.ed  by  its  faiiure  to  unfold  except  at  very  acia  pH  (>  2.2) 
cenons  crated  by  viscometry.  If  confirmed  by  further  work,  sucl;  scructic, 
t.,..iitty  would  alicw  interaction  of  native  enterotoxin  with  primarv  aii 
■•cceptor  sites  ever,  at  the  extreme  intraluminal  pHs  of  the  gas troin Let  t  i 
tract. ^ 
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ihc  noxt  year  the  behavior  of  enterotoy,  li  In  aqui-^oub  j^vinniu ine 
liydroghlorido  and  acid  solution  will  be  exactly  qu  .ntltatcd  by  v  It:  come  Cry, 
diCfereiu'c  spectroscopy ,  and  dlsulfidf  bond  accessibility  studies. 

Other  antigenic  cypes  of  staphylococcal  enterotoxins  will  also  be  examined. 

Summary : 

The  extent  to  wliich  SFJB  is  cross-linked  into  large  polymers  is  de termiiiac 
by  the  pH  at  which  formallnizat ion  Is  performed.  Native  antigenicity  appears 
to  bo  partially  preserved  during  intermolecular  cross  -  linking  of  this  protein. 

.  ....  ■  tut  ..on  o*  sephadex  gel  filtration  for  tedious  and  costly  bloassay 

t  e..i  '.'.iquc,H  in  i-he  monitoring  of  formaldehyde  toxoiding  is  suggested. 

Prelimi.n.iry  data  suggest  an  extreme  conformational  stability  of  native 
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cnemlstryj^  <U)  Staphylococcus:  <U)  Bacterial  toxins; 
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determine  their  physicochemical  parameters  for  production  of  toxoids  or  vaccines, 
this  work  unit  Is  an  essential  element  In  a  comprehensive  program  for  medical 
defense  against  BW  agents. 

24  (U)  Apply  electrofocuslng  techniques  to  homogenous  components  of  enterotoxln 
(SEB)  snd  perform  amino  acid  analysis,  amide  determinations  and  peptide  mapping 
on  such  components. 

25  (U)  71  08  -  72  06  -  SEB  was  unfolded  In  6  M  guanidine  hydrochloride  and  dialyzed 
against  the  same  solvent.  After  removal  of  the  guanidine  and  gel  filtration  on 
Sephadex  G-75,  the  enterotoxln  was  focused  Isoelectrlcally.  The  pattern  was 
virtually  Identical  to  that  obtained  before  treatment.  This  provides  a  clear 
demonstration  that  the  differences  in  Isoelectric  points  of  the  components  of  SEB 
are  not  due  to  bound  ligand  and  suggests  that  these  components  are  not  stable 
conformation  variants. 

Terminated  since  FV  1973  funding  will  be  under  The  Surgeon  General,  Army. 

New  Project  No.  3A062 110A834:  Accession  No.  DA  OB6428. 
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Gasualtii's 

Woiit  utac  No.  096  02  dOJ:  Physical  and  Chemical  Charac teri^'.ation  of 

Proteins  of  Microbiological  Origin 

Description : 

Demonstrate  homogonv!ity  of  proteins  Isolatiul  from  microorganisms  and 
determine  their  physiochemical  parann'ters  for  [jrodnetion  of  toxoids  or 
vacc ines . 


Progress ; 

Ihe  origin  of  the  several  components  found  on  Isoelectric  focusing  of 
staphylococcal  enterotoxins  A  and  B  (SEA  and  SEB)  may  be  attributed  to 
genetic  or  nongenetlc  variants.  In  the  latter  group  3  general  types  may 
be  distinguished!  artifacts,  aggregates,  and  conformers.'  Extensive 
experimentation  eliminates  aggregation  as  a  significant  phenomenon  with 
SEB. 2  Conformers  are  stable  conformational  variants  of  the  same  proteins 
which  have  the  same  amino  acid  sequence  and  molecular  weight  but  different 
electrophoretic  mobility.  They  differ  structurally  only  in  the  way  the 
polypeptide  chains  are  folded.  The  folding  may  bo  influenced  by  the 
pr  sence  of  bound  ligands. 

It  has  been  demonstrated  that  SEB  may  be  reversibly  denatured.^ 
Exposure  to  high  concentrations  of  guanidine  completely  unfolds  the 
molecule;  when  the  guanidine  is  removed  fully  native  material  is  obtained. 
Thus  if  SEB  is  put  through  this  cycle,  some  insight  should  bi'  gninei,!  as  tC' 
whether  the  different  isoelectric  cesmponents  are  stable  conformers,  * 
Accordingly,  SEB  was  dissolved  in  6  M  guanidine  hydrochloride  containing 
0.05  M  Tris  buffer  at  pH  8.5  at  a  concentration  of  5  mg/ml.  This  solution 
was  dialyzed  overnight  against  a  largi’  excess  of  the  same  buffer  in  the 
cold.  The  guanidine  was  then  removed  by  dialysis  against  Tris  buffer 
and  the  toxin-solution  run  through  a  column  of  Sephndex  G-75.  A  small 
amount  of  material  appeared  at  the  void  volume  Init  the  remainder  emerged 
as  a  symmetrical  peak.  The  SEB  peak  was  concentrated  by  ultrafiltration, 
dialyzed  against  water,  and  the  isoelectric  focusing  pattt'rn  determined  on 
a  pH  7-10  gradient.  Four  components  were  obtained  whose  pi  values  and 
relative  concentrations  were  virtually  identical  to  the  original  material. 


Hie  dialysis  guanidine  would  liavc  n-moved  any  porssiblt'  bound 

ligand  and  would  appear  to  eliminate  tills  as  a  cause  of  the  isoelectric 
pane idlspersity .  Since  the  refolding  occurred  at  a  differi’nt  concentration 
and  tempi'rature  than  originally  prevailed  In  the  synthesi ^.ing  organism,  it 
Is  unlikely  that  the  refolding  would  yield  the  a  components  in  the  same  ratio 
These  results  suggest  that  stable  conformers  are  not  involved;  however,  it 
will  be  necessary  to  repeat  the  experiment  with  homogeneous  isolated 
components  for  definitive  proof. 


wa.-.  unfolded  in  6  M  guanidine  hydrochloride  and  dialyzed  against  the 
.-^anie  solvent.  After  removal  of  the  guanidine  and  gel  filtration  on  Sophadex 
G-75,  the  enterotoxin  was  focused  isoelectrica 1 ly .  The  pattern  was  virtually 
idintical  to  that  obtained  before  treatment.  This  provides  a  clear  demonr.tra 
tion  chat  the  differences  in  isoelectric  points  of  the  components  of  SEB  arc 
not  uue  to  bound  ligand  and  suggests  that  these  components  are  not  stable 
conformation  variants. 

?ubl icdtions ; 

None . 
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23  (U)  Modify  proteins  of  microbial  origin  that  play  roles  In  their  biological 
effects  In  order  to  prepare  more  effective  iinraunogens  against  militarily  Important 
diseases,  This  work  unit  Is  an  essential  element  In  a  comprehensive  program  for 
medical  defense  against  DW  agents. 


DA 


24  (U)  After  determination  of  optimal  enzyme  reaction  parameters,  purified  materials 
will  be  testPu  for  their  serological  and  emetic  activities. 


25  (U)  71  08  -  72  06  -  Only  threonine  has  been  identified  as  i  new  amino  terminus 
In  the  digestion  of  staphylococcal  enterotoxln  B  by  tryp.sln.  The  cleavage  occurs 
In  the  region  of  the  molecule  between  the  half-cystlnes  of  the  disulfide  bridge 
and  the  molecular  size  appears  to  be  unchanged  in  the  ultracentrifuge.  Reduction 
In  the  presence  of  sodium  dodecyl  sulfate  permits  the  demonstration  by  disc  electrO' 
phoresis  of  2  polypeptides  of  about  12,000  and  15,000  molecular  weight.  Reduction 
In  the  absence  of  denaturanr.  does  not  bring  about  separation  of  these  2  fragments. 
The  product  retains  complete  emetic  and  serological  activities. 

Terminated  since  FY  1973  funding  will  be  under  The  Surgeon  General,  Army. 

New  Project  No.  3A062 11QA834;  Accession  No.  DA  OB6429. 
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T-c cr  i;, t  f : 

>.odify  iiroceins  of  microbial  origin  that  play  roles  in  their 
biological  effects  in  order  to  prepare  more  effective  immunogens  against 
militarily  important  diseases. 

Progress ! 


The  digestion  of  staphylococcal  enterotoxin  B  (SEB)  by  trypsin  has  been 
followed  by  reaction  in  a  pH  stat.  Calculation  of  the  extent  of  the  initial 
rapid  reaction  at  pH  8.0,  8.5  and  9.0  assuming  a  pK^  of  the  liberated  amino 
groups  of  7.8^  gave  values  of  1.56,  1.83,  and  1.87  fconds  cleaved  per  molecule, 
respectively.  If  these  values  are  accurate,  it  would  be  expected  that  the 
molecule  would  be  broken  into  3  fragments.  Ivihen  the  product  trypsin-treated 
SEB  (SEB-T)  was  examined  in  tne  ultracentrifugc  and  by  Sephadex  gel  filtration, 
only  one  component  was  found;  it  had  the  same  molecular  size  as  untreated  SEB. 

That  a  specific  reaction  actually  took  place  was  verified  by  the  Sanger 
f luorodinitrobenzene  technique. 2  Only  DNP-threonine  was  found  in  significant 
amounts  In  addition  to  the  original  N-termlnus  of  DNP-glutamic  acid. 

Examination  of  the  amino  acid  sequence  of  SEB^  disclosed  that  there  were 
only  2  Lys-Thr  sequences  (no  Arg-Thr  sequences  are  present)  in  the  entire 
molecule  and  they  both  occur  within  the  disulfide  loop  at  positions  97  and 
110.  This  explains  wh'’  no  reduction  in  size  was  observed  by  physical 
methods. 

Confirmation  was  obtained  by  polyacrvlatnidc  gel  electrophoresis  in  tin 
presence  of  sodium  dodecyl  sulfate  (.‘^DS).“*  SEB-T  g.ave  only  a  single  line 
at  the  same  position  as  SEB.  However,  when  SEIi-T  was  preintubated  with 
3-mer captoeth.anol  in  order  to  reduce  the  disulfide  bond,  this  line  virl'u.illv 
disappeared  and  2  new  lines  corresponding  to  polypept ides  with  molecular 
weight  of  about  12,000  and  15,000  .appeared.  Itnion  the  reduction  was 
carried  out  in  the  absence  of  SDS  and  the  product  was  r.in  through  a  column 
of  Sephadex  G-50,  only  one  peak  w.as  found.  It  emerged  ,it  the  same  position 
as  SEB  Indicating  that  the  2  fragments  were  held  together  by  noneovaUnt 
forces  in  the  absence  of  denatur.int. 

The  serologic.al  activity  of  SKB-'l'  w.is  determined  by  the  quantitative 
precipitin  test  against  r.abbit  anti-SI'B.  A  curve-  identical  v;ith  SI'l.  c.ms 


obtained.  Reduced  SEB-T  also  gave  a  similar  curve.  Finally  Ouchterlony 
immunodiffusion  gave  a  reaction  of  Identity  between  SEB  and  SEB-T. 

The  emetic  activity  of  SEB-T  was  measured  in  rhesus  monkeys*  Two  of  3 
monkeys  became  111  at  a  dose  of  0.1  ug/kg,  2  of  3  at  0.3  ug/kg,  and  all  3  at 
1.0  ug/kg.  Since  the  median  effective  dose  of  SEB  is  estimated  to  be  0.1 
ug/kg, ^  SEB-T  is  fully  active. 

Suiroarv; 


ill'j  u-'iCur^^ocs  a  rapid  limited  dictation  by  trypsin.  Only  threonine  has 
doer,  icantifieo  as  a  new  amino  terminus.  The  cleavage  occurs  in  the  region 
of  the  molecule  between  the  half -cystines  of  the  disulfide  bridge  and  the 
molecular  si^e  appears  to  be  unchanged  in  the  ultracentrifuge.  Reduction 
in  the  presence  of  sodium  dodecyl  sulfate  permits  the  demonstration  by  disc 
electrophoresis  of  2  polypeptides  of  about  12,000  and  15,000  molecular 
weight.  Reduction  in  the  absence  of  denaturant  does  not  bring  about  separation 
of  these  2  fragments.  The  product  retains  full  emetic  and  serological  activity. 

Publications } 


None. 
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ODiieTIVK,*  14  AAAMACH.  II.  MKOVKCM  IPwaHth  (APMPtff  A4««*4»  *1  MAA  *«•  lARtNIN'  ClAARINdAlfRM  CM./ 

23  (u)  Develop  and  employ  in  vitro  methods  of  studying  lymphocyte  activation  by 
antigens.  This  work  unit  Is  an  essential  element  In  a  comprehensive  program  for 
medical  defense  against  BW  agents, 

24  (U)  Electron  spin  resonance  spin  label  probes  are  used  to  study  lymphocyte 
membrane  changes  that  occur  with  antigen  stimulation.  Lymphocyte  lysates  are 
prepared  and  tested  for  their  ability  to  transfer  immunity  against  intracellular 
pathogens, 

25  (U)  71  07  -  72  06  -  Studies  of  migration  inhibition  were  completed  and  a  report 
prepared  for  publication.  Techniques  have  been  developed  for  Incorporating  spin 
labels  Into  lymphocyte  membranes  and  for  detecting  surface  membrane  signals  distinct 
from  internal  signals.  Factors  affecting  the  stability  of  cell  signal  have  been 
establlsheC.  The  viability  and  continued  biological  activity  of  spin  labeled 
lymphocytes  have  been  demonstrated.  The  ability  of  various  spin  labels  to  reflect 
membrane  changes  associated  with  surface  receptor- 1  igand  Interaction  were  studied 
and  indicated  that  spin  labels  specifically  located  at  the  sites  of  interaction 

are  required. 

Publication:  Cell.  Immunol.  3:245-252,  1972, 

Terminated  since  FY  1973  funding  will  be  under  The  Surgeon  General,  Army. 
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Luvulop  and  employ  1^  vitro  methods  of  studying  lymphocyte 
nctivacion  by  antigens. 

Prot^ress  and  Summary,  Part  I; 

Investigations  were  completed  on  induction  of  migration  inhibition 
factor  production  by  staphylococcal  enterotoxln  B  (SEE).  Results  were 
published  in  Cellular  Immunology  3:245,  1972. 

Progress  and  Summary.  Part  II: 

Studies  of  the  effect  of  X-irradiation  on  delayed  hypersensitivity  were 
continued.  Methods  were  developed  to  separate  lymph  node  and  peritoneal 
exudate  lymphocytes  from  macrophages  but  studies  were  interrupted  by 
mechanical  breakdown  of  the  radiation  source. 

Progress,  Part  III: 

Evidence  suggests  that  lymphocyte  activation  is  triggered  by  a 
conformational  change  in  the  surface  membrane  induced  by  interaction 
between  antigen  and  surface  receptor. 1  To  study  this  question,  we  applied 
electron  spin  resonance  (ESR)  spectroscopy  and  spin  label  techniques . 

Prior  to  evaluating  conformational  changes  in  surface  membranes  oi 
antigen-sensitive  lymphocytes,  a  number  of  technical  capabilities  had 
to  be  developed:  (1)  techniques  for  labeling  membranes,  (2)  detcnnina: ion 
and  selection  of  specific  labels  for  protein-membrane  interactions, 

(3)  dltferentiation  between  surface  and  intracellularly  incorporated  Inbe] , 
and  (A)  definition  of  conditions  required  to  maintain  viability  and 
biological  function  in  labeled  cells. 

To  gain  familiarity  with  spin  labeling  techniques,  as  well  as  to  obtain 
information  regarding  the  nature  and  magnitude  of  changes  that  might 
occur,  intact  sheep  erythrocytes  (RBC)  and  erythrocyte  stroma  were  emplo:'ed 
in  initial  studies  (Table  1).  Drastic,  chemical  or  physical  treatment  was 
required  to  affect  mobility  of  incorporated  label. 


TABLE  1;  EFFECT  OF  VARIOUS  TREATMENTS  ON  RATE  OF  TUMBLING  (MOBILITY) 

OF  SPIN  LABELS  INCORPORATED  INTO  MEMBRANES  OF  SHEEP  ERYTHROCYTES 
OR  STROMA. 


SPIN 

LABEL 

AFFINITY 

OF 

LABEL 

ERYTHROCYTE 

PREPARATION 

TREATMENT 

OF  LABELED 
PREPARATION 

MOBILITY  OF 
INCORPORATED 

LABEL 

lodoacacainide 

Protein 

Ktiole  cells 
Soromu 

Stroma 

Anti-RBC  serum 
.Yr.ti-RBC  serum 

80  C,  10  min 

No  change 

No  change 

Markedly  increased 
(Irreversible) 

Androstane 

Lipid 

Wliole  cells 
ViTiole  cells 
Stroma 

Stroma 

Anti-RBC  serum 
Lidocane 

Anti-RBC  serum 
38%  HCHO 

No  cliange 

Increased 

No  change 

Decreased 

Lipid-soluble  spin  labels,  e.g.  stearic  acid,  were  readily  incorporated 
into  viable  intact  nucleated  cells.  Subcellular  distribution  of  this  spin 
label  is  shown  in  Table  II,  Lipid-soluble  labels  became  incorporated  into 
all  membrane-containing  subcellular  fractions. 


TABLE  II:  DISTRIBUTION  OF  STEARIC  ACID  SPIN  LABEL  (ESR  ACTIVITY)  IN 

LABELED  MOUSE  L-CELLS  AND  HUMAN  LYMPHOCYTES  AFTER  FRACTIONATION 
BY  DIFFERENTIAL  CENTRIFUGATION. 


CELL  FRACTION 


ESR  ACTIVITY 


Nuclei  and  cell  membranes 

Strong 

Heavy  mitochondria 

Strong 

Light  mitochondria 

Strong 

Microsomes 

Weak 

Cell  sap 

None 

The  functional  competence  of  nucleated  mammalian  cells  appeared  to  be 
unaffected  by  incorporation  of  the  androstane  spin  label.  Labeled  guinea 
pig  lymph  node  lymphocytes  cultured  for  72  hr  with  SEB,  a  nonspecific  mitogen, 
responded  to  the  same  degree  as  unlabeled  lymphocytes  as  measured  by  uptake 
of  tritiated  thymidine. 

Decay  of  ESR  signal  from  androstane  or  stearic  acid  Labeled  cells  was 
observed  within  30  min  at  37  C  and  at  lower  temperatures  after  longer  periods 
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or  tlrif!.  Exposure  of  labeled  Inactivated  cells  to  aeration  or  the 
oxidizing  agent  K3Fe(CN)g  rapidly  restored  original  signal  strength, 
suggesting  that  decay  resulted  from  reversible  reduction  of  the  nltroxide 
radical  by  cellular  components.  Cell  signal  disappeared  when  K^FeCCN)^ 
was  removed  by  washing  but  reappeared  Immediately  after  reexposute, 
suggesting  that  ferrlcyanlde- had  not  entered  the  cell  but  had  reactivated 
the  surface  membrane  signal.  To  Investigate  this  possibility,  stearic  acid 
labeled  L-cells  were  incubated  at  37  C  for  30  min  to  inactivate  ESR  signal 
and  then  exposed  to  0.001  molar  K^FefCNlg,  the  lowest  concentration  capable 
of  reactivating  decayed  cell  signal.  Cells  were  washed  repe.itedly  to 
remove  any  unattached  K3Fe(CN)6,  lysed  by  suspension  in  distilled  water 
and  freeze-thawed;  lysates  ware  clarified  by  centrifugation.  Ferricyanide 
and  fetrocyanide  in  washes  and  cell  lysate  were  determined  by  a  colorimetric 
methoa.  U'l-.ile  bocn  cyanides  were  detected  in  the  initial  washings,  neither 
was  detected  in  the  cell  lysate,  indicating  that  K3Fe(CN)6  did  not  enter 
the  cell.  Should  this  postulate  be  true,  reactivation  of  cell  signal  by 
R'^FeCCX)'  would  allow  differentiation  between  cell  surface  and  intracellular 

As  was  true  with  erythrocytes,  signals  from  nucleated  cells  with  lipid 
soluble  or  nonspecific  protein  spin  labels,  e.g.  lodoacetamlde ,  were 
insensitive  to  structural  changes  associated  with  antibody  attachment  to 
cell  surface.  These  findings  suggest  that  conformational  cha.iges  caused 
by  surface  receptor-ligand  interaction  are  local  rather  than  general 
membrane  events  and  only  spin  labels  specifically  Incorporated  at  these 
local  sites  will  reflect  such  changes.  It  Is  anticipated  that  use  of 
spin-labeled  haptens  as  specific  probes  of  surface-antibody  combining  sites 
will  provide  a  tool  for  detecting  alterations  at  the  sites. 

Summary.  Part  III; 

ESR  spectroscopy  was  applied  to  study  early  membrane  changes  during 
lymphocyte  activation  by  foreign  antigens.  Techniques  were  developed  for 
spin  labeling  Intact  lymphocytes  and  detecting  surface  membrane  signals 
distinct  from  internal  signals.  Factors  affecting  the  stability  of  coll 
signal  were  established.  Viability  and  biological  activity  of  spin 
labeled  lymphocytes  was  demonstrated.  The  ability  of  various  spin  labels 
to  reflect  membrane  changes  associated  with  .surface  receptor-ligand 
interaction  was  examined  and  indicated  that  spin  label.s  located  at  .specli'lo 
sites  of  interaction  are  required. 

Progress  and  Sumtr.arv,  Part  IV: 

An  important  mechanism  of  resistance  to  intracellular  infection  l.s 
cell-mediated  immunity  (0;I)  involving  the  interaction  of  lymphot:ytes  and 
macrophages.  The  same  thymus-dependent,  lymphocytes  responsible  for  C.'MT 
are  involved  in  delayed  hypersensitivity  responses.  Transfer  factor  (TF), 
a  dialyzable  substance  obtained  from  white  blood  cel]  lysates,  transfers 
delayed  hypersensitivity  from  a  sensitive  individual  to  a  nonsen-sit ive 
individual.^  From  clinical  studies  with  human  tran.sfer  factor  it  appe.jrs, 
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hut  has  not  been  proven,  that  cell-mediated  immunity  can  also  be 
transferred  with  TF.  Studies  have  been  Initiated  in  rhesus  monkeys  to 
determine  whether  TF  can  transfer  immunity  against  tularemia  from  one 
monkey  to  another.  Monkeys  were  vaccinated  with  tularemia  (LVS)  and  also 
given  ovalbumin  In  complete  Freund's  adjuvant.  Unequivocal  delayed 
hypersensitivity  to  ovalbumin  was  induced  but  only  weak  delayed  skin 
reactions  to  Foshay  tularemia  antigen  were  demonstrated.  Transfer  factor 
was  prepared  from  peripheral  leucocytes  of  these  monkeys  and  given 
subcutaneously  to  a  group  of  normal  monkeys.  Transfer  of  sensitivity  to 
either  ovalbumin  or  tularemia  could  not  be  demonstrated.  Further  work  is 
in  prciiruss. 
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23  (U)  Develop  and  apply  techniques  for  utilization  of  computers,  statlatlc.s  and 
mathematics  to  process  and  Interpret  .scientific  data.  This  work  unit  i.s  an 
essential  eletaent  In  a  comprehensive  program  for  medical  defense  against  BW  agents, 

24  (U)  Automation  of  data  analy.sls  currently  accomplished  with  a  computer  Is  being 
expanded  with  a  data  acquisition  system.  Theorle.s  and  disciplines  of  numerical 
analysis,  d  1  f  feretu  la  I  equations,  Ktatl.stlcal  te.si.s  of  liypDCliu.ses  ,  experimental 
design,  information  storage  and  i‘<»trleval,  and  pattern  recognition  are  utilized 

to  analyze  and  interpret  data  giitlierod  hy  Inve.s  t  iga  tors . 

25  (U)  Vi  07  -  72  06  -  Ma t lienui t  lea  1 ,  st a 1 1  .sr  1  ca  I  ,ind  computer  tc  chnl que.s  have 
been  applied  to  dat.c  emanarlng  from  the  Ln.stltute. 

A  serle.s  of  .‘irat  li.  t  Ic.a]  routines  to  analyze  dat.i  from  experlment.s  with  paired 
and  unpaired  c.mtrols  w.i.s  developed  .nul  appUevl  to  dal;i  from  a  s.indflv  fever 
experiment.  These  techniques  iiuiy  be  an  aid  to  the  earlv  diagnosl.s  of  Infection 
In  man. 

Many  fornis  of  nutoui.itlc'  data  acqulstlon  were  explored  and  applied  to  projects, 
Expan.slon  of  tarllltles  continues  In  the  dlreilion  .shown  to  be  most  productive. 

Tormlnaterl  because  the  acces.sjon  number  1;;  cli.inged  s  t  .a  i  t  i  ui;  IV  1  973. 

Now  accejs.*' Ion  numl'i’T*  will  ho  DA 
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.MatlioiiviLKal  and  Co.nputar  Applications  in 
Infuctioas  Disoasc*  Kcsnarcli 


Dascr  Lptl  on ; 

Oovelop  and  apply  tcthnlquas  foi-  utilization  of  l  omputins  .  st.'U  1 '  t  Ic.- 
and  Ilia theina ties  to  procuss  and  Intcrpicit  ;a  lent  ill',  data. 


Prokrn.'is ; 


The  wide  scope  of  this  work  unit  results  in  proj;rtiss  alone,  many  diffnioiu 
lines  a,q  guided  by  the  needs  of  tho  Institute.  Work  described  hero  in  In 
addition  to  numerous  other  projects,  some  of  which  were  of  a  routine  nature, 

Statistical  consultation  was  obtained  and  utilized  to  develop  a  data 
analysis  plan  that  cun  be  applied  to  axporlmentn  witli  paired  and  unpaired 
control  subjects.  Use  of  these  techniques  rosult.s  in  maximum  sen.sltivlty 
to  tho  affects  of  the  experimental  "rre.atnK>nt. "  The  data  from  sanK* 
subject  during  the  pratreatment  time  period  Is  consiticred  tognf.ln'r  with 
data  from  control  subjects  who  did  not  under>u>  the  expe r linen ta  1  treaimfiit 
in  producing  a  tost  for  significant  changes  In  mn.-isured  variable';,  pre'.ui'i- 
ably  changes  Induced  by  tlie  treatment.  Allowance  is  made  lor  Individual 
and  s'.roup  variations,  as  well  as  chang.e.';  in  both  control  .ind  t.ro.iti'd  I'n”.,]'' 
duo  to  the  nature  of  tlie  experiment:i  I  I'eg.l  men .  Varl.ibles  reiinu  lo  he 
s  i. t',n  If  leant  ly  effected  by  tlna  treatri'.'iit  me  nubjecti'd  to  d  1  .‘ic  vl  mi  ii.ir.  t 
analy,';l,s  for  succe.'-'.sl  ve  time  .'U'g.incnt  ■■  In  t!u'  Lceati.k'nt  tlnn’  pi'i'ied.  iiiese 
tochnlque.s  nwy  be  of  .ilii  in  the  o;irly  d  l.igno:.  is  of  Inl't'clion  in  '..in  h)' 
.sensing  small  change;:,  in  nieasiu'iHl  v.irlalili.'.s  (clinhal  .tnd  lalnn  iiovy  .!.ii..i) 
and  calculating  a  probability  that  tlie  litdivlduil  I  .s  infecti'd. 

Several  technique.''  of  -lutoina  I  ed  data  .icqiil  .‘i  I  t  inn  were  ic-.p  i  ereil  mu! 
.applied,  A  h  1  )',h- speetl  paper  tape  puniii  w.i;:  lnti'r!,u'"d  willi  mi  .'l.'.tie.i 
spin  re.son.incc  spectrograph  through  a  eumputer  o;  ,ive;',i;'e  trme-leiil  . 

The  resultant  data  were  delivered  to  a  fu !  I  -  ;  i  :;>.'U  vo.'.putei  vi.i  p.ip.r  t.ipe, 
TIiik;  and  frequency  domain  tecinilqiu's  were  .ipplii".!  to  the  .spcct:'.:  and 
yielded  a  ;;pectr.,i!  resolution  enhancemen t  not  pi-.  . idle  wlLho'ut  computer 
technique.'. ,  thus  extending,  the  lu.i'ful  r'lu.e.e  .'f  the  1  n;  t  i'um.;n  t  . 


Teletypes  were  connected  to  9  end  y  sclntllletlon  counters  and  used  to 
produce  paper  tape  Images  of  the  counter  data.  The  tape  could  then  be 
processed  by  a  computer  with  fully  automatic  corrections  for  background 
and  quench.  Many  subsystems  were  developed  for  Investigators,  to  produce 
results  In  final  form  without  data  transcription  or  manual  calculation. 

For  instance,  the  calculations  for  simultaneous  radioimmunoassay  for  growth 
hormone  and  insulin  are  accomplished  automatically,  including  the  calculation 
and  display  of  the  standard  curve  used  for  the  set  of  assays. 

A  high-speed  paper  tape  punch  was  interfaced  with  2  amino  acid  analyzers 
u.M'ough  a  programowble  calculator.  The  calculator  is  used  to  control  timing 
anci  pc'.'iio/m  soaia  data  reduction  before  transferring  the  data  onto  paper  tape. 
The  tape  is  then  read  by  a  computer,  which  calculates  amino  acid  concen- 
trdC;.on.  The  system  is  designed  to  function  unattended  for  periods  of  days, 
with  automatic  su.mple  handling.  The  computerization  of  the  curves  will  allow 
calculation  of  areas  under  the  curves  rather  than  measurement  of  peak  height 
by  itanual  means. 

Data  from  many  projects  were  transcribed  to  computer  compatible  form 
and  results  analyzed.  An  example  is  the  study  of  about  90  persons  who  have 
been  subjected  to  immunization  with  a  variety  of  antigens  over  a  long  period 
of  time.  History  and  clinical  and  laboratory  data  from  these  persons  were 
entered  into  a  computerized  data-bank  for  analysis.  Many  types  of  compari¬ 
sons  will  be  performed  that  could  not  be  done  readily  by  manual  techniques. 

Summary! 

Progress  was  made  in  the  areas  of  data  acquisition  and  data  reduction, 
utilizing  both  standard  and  new  techniques. 


Publications! 
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23  (U)  Establish  usefulness  of  electron  spin  resonance  spectroscopy  in  solving 
problems  related  to  tkhfactlous  diseases.  This  work  unit  Is  an  essential  element 
In  a  comprehensive  program  for  medical  defense  against  BW  agents. 

24  (U)  Search  for  the  effect  of  Infectious  agents  and  toxins  on  biochemical 
reactions  Involving  free  radicals.  Spin  label  compounds  Involved  In  infectious 
or  immunologic  processes, 

25  (U)  71  07  -  72  06  -  Initial  attempts  at  spin  labeling  nucleic  acid  of  tobacco 
mosaic  virus  for  ESR  spectroscopy  were  unsuccessful.  Otlier  conditions  arc  being 
sought  so  that  the  fate  of  viral  nucleic  acid  In  an  Infected  host  can  be  determined. 

Ill  other  studies  carried  out  with  Major  Joseph  Kaplan  on  conformational  changes 
in  antigen  sensitive  lymphocyte  membranes.  factor.^  affecting  the  stability  of 
cell  signals  were  establl.shcd.  Spin  labels  had  the  ability  to  reflect  changes 
associated  with  sur  face- ligand  Interactions.  The  labels  must  be  specifically 
located  at  the  Interaction  .sites. 

Publications:  Program,  American  Chemical  Society,  Abstracts  26  and  131,  1971. 
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BODY  OF  REPORT 


Project  No.  3A061101A91C:  In-House  Laboratory  Independent  Research  (U) 
(1W662711A096) : 

Task  No.  3A061101A91C  00:  (Laboratory  Identification  of  Biological  Agents) 
(1W662711A096  03): 


Work  Unit  No.  91C  001132: 

(096  03  009) : 


Application  of  Electron  Spin  Resonance 
Spectroscopy  to  Infectious  Disease  Research 


icn ; 

Establish  the  usefulness  of  electron  spin  resonance  spectroscopy  in 
solving  problems  related  to  infectious  diseases. 


Progress,  Part  1; 


Conditions  for  incorporation  of  spin  label  into  molecules  of  nucleic 
acid  were  described  previously.^  Based  upon  these  findings,  it  was 
postulated  that  nucleic  acids  from  an  infectious  virus  could  be  spin 
labeled  and  employed  as  electronic  probes  to  obtain  basic  Information 
regarding  replication  of  viral  nucleic  acids  in  cells  of  infected  hosts. 


Tobacco  mosaic  virus  (TMV)  was  selected  as  a  model.  Prepaiations  of 
RNA  core,  free  of  TMV  capsid,  were  supplied  by  Dr.  Milton  Cordon, 
University  of  Washington,  Seattle,  Washington.  Previously  described 
techniques  were  employed  to  label  the  RNA  and  record  its  electron  spin 
resonance  (ESR)  spectrum.^  Two  special  components  were  detected,  a 
large  mobility  spectrum  superimpo  ;ed  upon  a  strongly  immobilized  spectrum. 
Strong  binding  of  label  to  RNA  was  indicated  by  the  absence  of  label  In 
the  last  wash  solution.  The  seoimentation  coefficient  of  the  RNA  sample, 
however,  Indicated  that  the  nucleic  acid  had  been  degraded. 


In  an  attempt  to  mimic  the  effects  of  labeled  virus.  Dr.  Gordon 
tried  to  encapsulate  labeled  polyadenylic  acid  (Poly  A)  with  TMV 
protein  capsid.  The  ESR  spectrum  of  this  maierial  was  also  highly 
mobile,  again  indicating  degradation. 


As  another  approach,  it  was  assumed  that  undfir  appropriate  conditions 
the  nucleic  acid  core  of  intact  virus  could  be  labeled.  However, 
addition  of  label  at  pH  5.5  to  intact  TM\'  virus  (0.01  M  phosphate  in  60% 
alcohol)  also  caused  RNA  denaturation. 


Summary,  Part  I: 

ESR  spectra  of  spin  labeled  preparat ions  indicated  that  luNA  in  intact 
TM\' ,  the  RNA  component  of  TMV  avid  Poly  A  encapsulated  with  TMi’  protein 
were  degraded  during  treatment  or  shipment. 
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Studies  on  conforn.it ional  changes  in  antigen  sen.sitive  lymphocyte 
membranes  are  reported  under  Work  Unit  No.  096  03  006. 

Presentations : 

1.  Caspary,  W.  J.  The  In  vitro  reaction  of  6-hydroxylbenzo(a)pyrene 
wich  D.NA.  Presented  at  jinerican  Chemical  Society  Meeting,  Washington, 

.j.  C.,  12-17  September  1971, 

Casp.^.' ■ ,  .  J.  >ie.chanisr.;  for  the  covalent  linkage  of 

..  ..'c. ac  polycyclic  hydrocarbons  (HC)  to  DNA.  Presented  at  /Vmerican 
d;,c.'.',*v.a-  iociiity  Meeting,  Washington,  D.  C.,  12-17  September  1971. 


Lorentoen,  A.,  W'.  Caspary,  and  P.  0.  P,  Ts'o.  1971.  In  vitru 
..-.e.v.-cal  reaction  of  6-hydroxy lbenzo(a)pyrene  with  DNA.  In  Program, 
American  Chemical  Society,  Abstract  26. 

2.  Cohen,  B.  I.,  W.  J.  Caspary,  S.  A.  Lesko,  and  P.  0.  P.  Ts'o. 
1971  Mechanism  for  the  covalent  linkage  of  carcinogenic  polycyclic 
hydrocarbons  (HC)  to  DNA.  ^  Program,  American  Chemical  Society. 
Abstract  131, 


LITERATURE  CITED 

1.  U .  S.  Army  Medical  Research  Institute  of  Infectious  Diseases. 
1  !',:ly  1971.  Annual  Progress  Report,  FY  1971.  p.  275  to  281. 

Port  Detrick,  Maryland. 


305 


ANNUAL  PROGRESS  REPORT 


Project  No,  1W662711A096:  Medical  Defense  Aspects  of  Biological  Agents  (U) 
Task  No.  1W662711A096  03:  Laboratory  Identification  of  Biological  Agents 


Work.  Unit  No.  096  03  010; 


Reporting  Installation: 


Trace  Metal  Metabolism  During  Infectious  Disease 
of  Military  Medical  Importance 

U.  S.  Army  Medical  Research  Institute  of  Infectious 
Diseases 

Frederick,  Maryland 


Period  Covered  by  Report:  1  July  1971  to  30  June  1972 


Professional  Authors: 


Reports  Control  Symbol: 


Robert  S.  Pekarek,  Ph.D.  (I,  II, III,  IV) 
Robert  W.  Wanneaacher,  Jr.  Ph.D.  (I,  II,  III) 
William  R.  Belsel,  M.D.  (I,  III) 

Edward  C.  Hauer,  B.S.  (IV) 

RCS-MEDDH-288(R1) 


Security  Classification:  UNCLASSIFIED 


306 


RESEARCH  AND  TECHNOLOGY  WORK  UNIT  SUMMARV 


llll  jrgwtnH 


coowigi  tvwmt. 


_ _ 

IllMiM'li'lTI 


„  03  I  _  010 


1B662  711A096 


CDOC  1212b 


1 1.  TlV^t  (pt***a*  mm  C>»**m****m  cm^r 

(0)  Trace  metal  metabolism  during  Infectious  disease  of  military  medical  Importance 


i|  ICIIHTIRIC  4MD  tlCHNOLOOICiAL  AlltAI* 

003500  Clinical  medicine;  004900  Defense;  002300  Biochemistry 


II  FlirDWIHCI  ■ITHOO 

67  01  CONT  DA  j  i  C.  In-house 


IT  CONT AACT/OAAAT 


A  DATII/IRRiCTIVC- 

A.  MUMfCR  *  NA 

ft.  TVA|. 


•.  KINO  O*  A«AAD. 


1*  «|IAON»l«Lt  OOO  ( 


A  AMOUNT 
f.CUM.  AMT. 


A  FNPRIMIANRL  MAN  VNI 

kk  ^UNM  rfN 

2.0 

70 

2,0 

88 

“*“*•  USA  Medical  Research  Institute  of 
Infectious  Diseases 
Fort  Datrlck,  MD  21701 


AttlAONIIKC  IMOlVItMAL 

H*Mfc  CroJter,  D. 

TictAHONii  301  663*2833 


!•  AtAfOflIMRfl  ONAANItATlM 

Physical  Sciences  Division 
USAMRllD 

Port  Detrlck,  MD  21701 

AAlNCiAAL  INMATiftAToa  f^iaaUAA  MAW  H  If  ».  Aa*Atailt  tMKIrnttmi 

MAHf*  PdkAriik,  R.  S. 

TALfAHUMI;  301  663-7181 


Foreign  Intelligence  considered 


ffACWJ  i*  lewf^^crRMriTceffMi  cmrj  . 

w)  Tr«ce  ffldUlsi  (If)  leukocytic  endo 
viral  dlaeasesi  (U)  Toxemia:  (U 


Mcui.  iicuaitr  >icouai  auaaia 
luociari  ■awiitiiatsai 

aaaii  Wanneuacher,  Jr,,  R,  W. 

aaal,  HSUer,  C.  C, 


;  (U)  Bacterial  and 
Animal  models 
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23  (U)  Astesa  trace  metalchangea  during  infectious  illness  as  a  poaalble  aid  in 
early  Identification  of  disease  etiology,  This  vork  unit  Is  an  essential  element 
In  a  comprehensive  program  for  medical  defense  against  BW  agents, 

24  (U)  Measure  serum  and  tissue  trace  metals  during  Infectious  Illness  of  laboratory 
animals  and  man  and  determine  the  mechanisms  responsible  for  the  observed  changes. 

25  (U)  71  07  -  72  06  -  Leukocytic  endogenous  mediator  (LEM),  a  depressant  of  serum  Zn 
and  Fe,  was  shown  to  be  present  In  sera  of  patients  with  Infectious  bacterial  dlseise. 
Considerable  effort  has  been  made  to  characterize.  Isolate  and  purify  LEM.  It  was 
found  to  be  heat  labile,  nondlalyzable,  low  molecular  weight  protein  and  soluble  to 
some  extent  In  org,anlc  solvents.  Some  difficulties  have  been  encountered  In  obtaining 
sufficient  PMN  leukocytes  to  produce  the  amount  of  LEM  necessary  for  purification 
procedures. 

In  other  work  on  trace  metals  a  graphite  furnace  for  atomic  absorption  spectro¬ 
photometry  was  purchased,  with  which  It  Is  possible  to  measure  other  metals,  namely 
nickel,  chromium,  aluminum,  cobalt  and  cadmium.  Initial  work  has  been  done  on  the 
first  two  of  these  trace  metals  using  serum  samples  of  only  50  ralcroilters. 
Publications:  Program,  Western  Hemisphere  Nutrition  Congress  III,  p.  43,  1971;  Proc. 

Soc  Exp.  Biol.  Med,  138:728-732,  1971,  139:128-132,  1972,  140:685-688, 
1972  ;  Appl.  Microbiol.  22:10%-1099,  1971;  Metabol  ism  2  1 :67- 76 ,  1972; 
Amer.  J.  Clin.  Path.  57:506-510,  1972;  Amer.  J,  Clin.  Nutr.  25:461, 

1972  (abstract);  Fed.  Proc,  31:667,  700,  1972  (abstracts). 

Terminated  since  Fy  1973  funding  will  be  under  The  Surgeon  General,  Army. 

New  Project  No.  3A06211QA834;  Accession  No.  DA  0C6413, 
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HODY  OF  REPORT 


Project  No;  1W662711A096 ;  Medical  Defense  Aspects  of  Biological  Agents  (U) 

Task  Noi  .1W662711A096  03;  Laboratory  Identification  of  Biological  Agents 

Work  Unit  No.  096  03  010;  Trace  Metal  Metabolism  During  Infectious  Disease 

of  Military  Medical  Importance 

Do  j c ri- p  L  .L on  ; 

Assess  trace  metal  changes  during  infectious  illness  as  a  possible 
wiiu  in  early  identification  of  disease  etiology. 

Progress,  Part  I; 

Significant  alterations  in  Fe,  2n  and  Cu  metabolism  have  been 
demonstrated  in  man  by  this  laboratory'  follov/ing  either  acute  bacterial 
(Franclsolla  tularensis  -  Medical  Division  Project  FV  68-4  and  Saliiiu.iella 
cyphi  -  Contract  No.  DA-49-193-MD-2867)  or  viral  (attenuated  Venexuelnn 
equine  encephalomyelitis  vaccine  -  Medical  Division  Protocol  FY  69-1 
and  sandfly  fever  virus,  Sicilian  type,  Medical  Division  Protocol 
FY  70-1)  infections . 

Similar  alterations  in  trace  metal  metabolism  were  observed  in  a 
variety  of  laboratory  animals  following  experimentally  induced  infections 
or  the  administration  of  endotoxin  or  synthetic  double-stranded  RNA 
compounds . Recent  studies  in  animal  models  have  shown  that  the  infec¬ 
tion  and  stress-induced  alterations  In  Fe,  Zn  and  Cu  metabolism  were 
mediated  by  an  endogenous  hormoac-llke  substance  released  in  part  by  Py.N 
leukocytes.  ^  Leukocytic  endogenous  mediator  (LLM)  obtained  from 

peritoneal  leukocytes  of  various  laboratory  anirnais  were  shov.-n  to  produce 
significant  dose-related  depressions  in  serum  Fe  and  Zn  in  normal  j,  endo¬ 
toxin  tolerant,  hypophysectomized ,  or  ndrenalectomized  animals  ‘ 

Recently,  we  have  reported  that  this  endogenous  Zn-depressing 
factor  was  present  in  the  serum  of  febriJo  individuals  (volunteers) 
with  experimentally- induced  typhoid  fever. To  further  substantiate 
this  finding,  acute  serum  obtained  from  Dr,  Kluiner,  (Contract  No. 

DADA  17-68-C-8080)  from  febrile  patients  with  documented  Diplucoccus 
pneumoniae  infections  and  patients  with  either  Staphylococcus  aureus 
abscesses,  cellulitis,  or  mixed  bacterial  infections  was  millii)orod 
filtered  and  injected  intraperitoneally  (IP)  into  respective  groups  of 
normal  recipient  rats.  These  sera  also  induced  significant  serum  Zn 
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dopreaslona  in  the  animals  when  compared  to  rats  given  normal  human  serum. 
Wlien  the  infected  (filteired)  serum  was  heated  at  90  C  for  30  rain  the  serum 
Zn-depreasing  factor  was  inactivated;  tlius,  it  was  shown  that  a  heat 
labile  endogenous  factor  was  present  in  these  acute  serums.  The  fact 
Lliat  the  effect  of  the  endogenous  mediator  from  man  can  be  transferred 
to  a  laboratory  animal  may  prove  to  have  potential  diagnostic  value. 

Summary.  Part  1; 

Significant  alterations  in  ?e,  Zn  and  Cu  metabolism  have  been  shown 
to  occur  in  man  during  a  variety  of  acute  bacterial  and  viral  infections. 
Scuu..t:o  in  various  laboratory  animals  have  demonstrated  that  these  infection- 
uno  stress-induced  alterations  in  trace  metal  metabolism  are  mediated  by 
a  heat  labile  endogenous  factor  released,  in  part,  by  PMN  leukocytes, 
i-'urther  this  endogenous  mediator  of  altered  trace  metal  metabolism  has 
been  shown  to  be  present  in  human  serum  during  febrile  illnesses  caused 
by  d  variety  of  bacterial  infections. 

Progress.  Part  Hi 

Studies  from  our  laboratory  have  initially  characterized  partially 
purified  leukocytic  endogenous  mediator  (LEM)  to  be  a  heat  labile,  non- 
dialyzable,  low  m.w.  protein,  which  is  soluble  to  some  extent  in  organic 
solvents, Experiments  have  been  in  progress  to  isolate  and  purify 
the  LEM  of  serum  Zn  and  Ee  depression.  Recently,  crude  preparations  of 
LEM  obtained  from  PMN  leukocytes  were  pooled  from  rabbit  peritoneal 
exudates.  This  pooled  material  was  concentrated  and  fractionated  on  a 
G-200  Sephadex  column,  with  the  absorbance  of  the  effluent  being  measured 
at  28C  mp  with  an  ultraviolet  analyzer  and  recorder.  The  various  fractions 
were  compared  to  standards  of  known  molecular  weights.  Each  major  frac¬ 
tion  was  concentrated  and  tested  for  its  Zn  and  Fe  depressing  effects  as 
well  as  for  other  biochemical  parameters  in  the  rat.  The  fraction  having 
the  highest  specific  activity  for  depression  of  these  2  serum  metals  was 
in  the  molecular  weight  range  of  between  10,000  and  20,000.  however, 
activity  was  also  found  in  a  high  m.w.  fraction,  >200,000.  Studies  em¬ 
ploying  Cm  and  DEAL  ion  exchange  resins  on  both  crude  LEM  preparations 
and  fractions  from  Sephadex  columns  indicate  that  the  activity  seen  in 
the  high  molecular  weight  fraction  represents  aggregates  of  tiie  lower 
molecular  weight  material. 

The  effect  of  the  proteolytic  enzymes,  pronase  and  trypsin,  on  LEM 
have  been  tested,  as  well  as  the  effect  of  varying  pH  on  LEM  activity. 

These  studies  indicate  LEM  to  be  a  protein  which  is  active  in  a  pli  range 
between  4. 5-8.0. 

Since  the  endogenous  mediator  represents  only  a  small  percentage 
of  the  proteins  released  by  the  PMN  leukocyte,  attempts  were  made  to  find 
u  suitable  animal  species  for  obtaining  large  quiuititles  of  leukocytes 
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from  peritoneal  exudates  in  order  to  have  sufficlonL  material  for  purifi¬ 
cation  of  the  mediator.  Therefore,  leukocytic  extracts  were  obtained 
from  peritoneal  exudates  of  goat,  burro  and  dog.  When  the  crude  extracts 
were  tested  for  serum  Zn  and  Fe  depressing  activity  in  the  rat  assay 
model,  only  the  dog  leukocytic  extract  had  activity.  However,  these 
preparations  have  proven  to  be  inadequate  in  quantity  for  supplying  enough 
starting  material  for  purification  at  the  present.  Studies  are  now  In 
progress  to  increase  both  cell  yield  and  LEM  secretion.  Furthermore,  since 
monocytic  cells  have  been  shown  to  produce  In  vitro  endogenous  pyrogen 
(a  protein  closely  related  to  LEM),  an  attempt  is  now  in  progress  to  design 
a  cell  culture  system  for  the  production  of  enough  material  needed  for 
the  purification  of  the  mediator. 

Surijuary,  Part  II 

Initial  studies  on  the  purification  of  the  mediator  of  altered  trace 
nietal  metabolism  characterize  LEM  to  be  a  heat  labile,  low  molecular  wciglit 
(10,000-20,000  m.w.)  protein  that  can  result  in  higher  molecular  weight 
aggregates.  Since  LEM  represents  only  a  small  percentage  of  the  proteins 
released  by  PMN  leukocytes,  attempts  have  been  made  to  find  a  suitable 
method  and  animal  species  for  obtaining  enough  starting  material  for  its 
purification. 

Progress.  Part  III: 

Stuales  from  our  laboratory,  as  well  as  those  reported  in  the 
literature,  indicated  that  the  very  early  infection-induced  decreases 
in  serum  2n  and  Fe  concentrations  were  not  the  result  of  decreased 
gastro-intestinal  absorption  or  increased  excretion,  but  were  due  to  a 
rapid  redistribution  of  the  2  metals  within  the  host.  To  support  this 
hypothesis,  rats  were  pulse  labeled  with  ^^Zn  (5  nCi/lOO  gra  body  weight, 

IP)  and  then  infected  with  virulent  D.  pneumoniae  organisms.  After  8  lir 
both  infected  and  NaCl  sham-inoculated  controls  were  killed  and  the  con¬ 
centration  of  the  isotope  in  the  plasma  and  various  tissues  was  determined 
and  compared.  Infected  animals  demonstrated  significant  decreases  of  -Zn 
in  the  plasma  with  significant  increase  in  the  liver  when  compared  to 
controls . 

Furthermore,  if  LEM  is  truly  an  intermediate  released  during  the 
infectious  or  Inflammatory  process,  then  it  too  should  stimulate  a 
redistribution  of  the  metals  when  administered  to  a  normal  rat.  Rats 
were  then  pulse  labeled  in  the  same  manner  with  either  ^'^Zn  or  and 

administered  LEM  (150  ug  protein  IP).  As  predicted  LEM  produced  signifi¬ 
cant  decreases  in  the  plasma  levels  of  and  '’^Fe  with  significant 

liver  uptake  of  the  2  isotopes  when  compared  to  controls.  These  data 
suggest  that  infection  induces  a  rapid  redistribution  of  Zr  and  Fe  within 
the  host,  and  this  redistribution  is  mediated  by  an  endogenous  factor  (LEM). 
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SiKnmary,  Part  III; 

Isotopic  studies  have  demonstrated  that  infection  produces  a  rapid 
redistribution  of  En  and  Fe  in  the  tissues  of  the  host.  The  same  re¬ 
distribution  can  be  demonstrated  when  LEM  is  administered  to  the  normal 
host,  which  adds  further  support  to  the  role  of  LEM  as  an  early  inter¬ 
mediate  in  altered  host  metabolism  during  the  inflammatory  process. 

Progress.  Part  IV; 

Two  elements  of  recent  biological  interest  am  Cr  and  Ni.  Cr  has 
oecn  shown  to  oe  an  essential  micronutrient  with  its  deficiency  being 
c..araccerized  by  impaired  growth  and  disturbances  in  glucose,  lipid  and 
protein  metabolism.*'^  hecently,  increased  scrum  Ni  concentrations  have 
oeen  reported  in  patients  following  acute  myocardial  infarction. ' “ 
however,  in  order  to  study  the  effect  of  acute  infection  and  other 
inf leiiumatory  stresses  on  Cr  and  Ni  metabolism,  large  numbers  of  samples 
from  various  fluids  and  tissues  have  to  be  examined.  Although  Cr  and  Ni 
have  been  measured  in  biological  materials  by  a  variety  of  analytical 
methods,  the  techniques  required  tedious  extraction  and  ashing  procedures, 
were  time  consuming,  and  offered  considerable  opportunities  for  sample 
contamination  from  exogenous  sources. 

What  was  needed  was  a  method,  whereby  Cr  and  Ni  in  biological  s.iraplos 
could  be  measured  directly  in  a  rapid,  accurate  and  reproducible  manner. 
Recently,  a  new  Perkin-Elmer  Model  403  spectrophotometer  with  a  heated 
graphite  atomizer  was  obtained  and  installed.  This  new  equipment  has 
allowed  for  the  development  and  employment  of  newer  techniques  to  measure 
and  analyze  such  trace  metals  as  Ni,  Cr,  Al,  Co,  and  Cd  in  biological 
samples. 

By  the  use  of  the  new  heated  graphite  furnace  serum  Cr  and  Ni 
concentrations  can  now  be  measured  directly  by  atomic  absorption 
spectrophotometry  in  50-ij1  serum  samples.  Pretreatmeru  or  tedious  ex¬ 
traction  procedures  on  large  serum  samples  can  be  avoided  by  this  simple, 
rapid  and  reproducible  method.  A  50-iil  serum  sample  is  inserted  into 
the  graphite  cell  where  it  is  dried,  ashed  and  atomized  in  less  than  13 
min.  Interference  by  other  trace  metals  or  electrolytes  is  eliminated 
by  proper  program  selection,  Wlien  serum  Cr  and  Ni  conctnitrations  were 
measured  in  a  group  of  20  healthy  young  adults  (Mediciil  Division  Protocol 
FY  72-2)  raec  >  serum  concentrations  of  0.17  pg/100  mi  (SD  =  ±  0,06)  and 
1.5  pg/100  mi  (SD  »  ±  0.5)  were  obtained  for  Cr  and  Ni  respectively. 

The  coefficients  of  variability  for  15  determinations  on  a  single  pooled 
scrum  sample  were  6Z  for  Cr  and  57.  Cor  Ni.  The  human  serum  Ni  concen¬ 
trations  in  this  study  either  correspond  to  or  are  sliv.litiy  lower  t!ian 
those  reported  in  the  literature.  The  serum  Cr  concentrations  reported 
iiereiu  are  at  least  one  log  lower  tlian  those  previously  reported.  These 
lower  results  can  be  attributed  to  both  the  sensitivity  of  tlie  system 
and  trie  reduction  of  possible  sources  of  exogenous  contamination. 
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Sunungry,  Part  IV; 

By  UBe  of  a  heated  graphite  atomizer,  serum  Cr  and  N1  can  now  bo 
measured  directly  by  an  atomic  absorption  spectrophotometrlc  technique 
In  samples  as  small  as  50  pi  of  serum.  Pretreacment  or  tedious  extraction 
procedures  on  large  serum  samples  can  be  avoided  by  this  simple,  rapid, 
and  reproducible  method, 

Presentations ; 
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of  leukocytic  endogenous  mediator  CLEM)  on  the  distribution  in  tissues 

of  zinc  and  iron.  Presented  at  Federation  of  American  Societies  for  Ex¬ 
perimental  Biology,  Atlantic  City,  New  Jersey  9-14  April  1972, 
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23  (U)  Purify  and  characterlte  several  chemical  nedlators  of  infection.  This 
work  unit  la  an  essential  element  In  a  comprehensive  program  for  medical  defense 
against  BW  agents. 

24  (U)  Polyacrylamide  gel  electrophoresis  Is  applied  to  various  specimens; 
resulting  fractions  are  characterized  by  various  applicable  methods. 

25  (U)  71  07  -  72  06  -  The  major  problem  in  purification  of  endogenous  pyrogen 
has  proven  to  be  the  small  aovunts  of  material  available  after  purification 
procedures,  due  to  both  the  high  specific  activity  of  the  material  and  procedural 
losses.  Membrane  ultrafiltration  has  been  resorted  to  In  order  to  overcome  these 
difficulties.  Preliminary  results  suggest  this  to  be  a  satisfactory  pre-purlficatlon 
procedure , 
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Description ; 

Purify  and  characterize  several  chemical  mediators  of  infection. 


Progress ! 


Work  on  the  purification  of  the  endogenous  mediator  of  fever, 
endogenous  pyrogen  (EP)  was  continued.  The  use  of  preparative  acrylamide 
gel  electrophoresis  appeared  promising;  due  to  the  small  quantity  of  starting 
material  that  can  be  used  with  this  technique,  very  little  or  no  material 
was  available  for  further  characterization  after  necessary  assays  and  controls 
to  establish  the  presence  of  EP  had  been  performed.  These  preliminary 
"  studies  suggested  a  molecular  weight  considerably  higher  than  that  obtained 
by  other  methods,  which  may  suggest  that  EP  is  capable  of  polymer  formation. 

In  order  to  obtain  sufficient  amounts  of  unpurlfied  EP  material  for  more 
definitive  study,  it  thus  became  necessary  to  utilize  a  preliminary 
purification  technique.  The  requirements  for  this  technique  were:  (1)  Minimal 
loss  of  activity  due  to  degradation  or  non-specific  adsorption,  (2)  Ability 
to  handle  large  volumes  of  starting  material,  (3)  Removal  of  significant 
amounts  of  non-active  material,  and  (4)  Potential  for  concentration  and/or 
desalting.  A  survey  of  large  volume  preliminary  purification  techniquos 
including  zonal  centrifugation,  zone  electrophoresis,  preparative 
precipitation,  ion  exchange  and  molecular  seive  chromatography,  and  membrane 
ultrafiltration  suggested  that  the  last  best  satisfied  the  above 
requirements.  Accordingly  preliminary  studies  were  undertaken  using  the 
Amlcon  stirred  pressure  cell  apparatus  already  available.  It  was  found  that 
the  apparatus  could  be  rendered  pyrogen-free  by  extensive  washing,  and  that 
large  amounts  of  EP  activity  could  be  obtained  without  apparent  degradation, 
although  with  some  losses  presumably  due  to  non-specific  adsorption. 

Therefore,  an  Improved  version  of  this  apparatus  permitting  more  rapid 
processing  with  less  possibility  of  non-specific  adsorption  was  ordered 
and  is  presently  being  evaltiated. 


'ilS 


Keccntly,  a  report  In  the  Hterature’  of  signlfloant  purification  of  ICP 
has  appeared.  The  authors  used  membrane  ultrafiltration  as  the  starting 
step,  followed  by  2  column  steps  and  finally  electrofocustng  and  report 
final  speclfio  activity  In  the  nanogram  range,  hut  unfortunately  also  have 
Insufficient  material  .or  further  definitive  characterization.  The  major 
losses  of  activity  seem  to  be  in  the  2  column  steps. 

Summary! 

Thu  major  problem  i.i  puritication  of  endogenous  pyrogen  has  proven  to 
ou  t.ic  small  amou.nLs  of  material  available  after  purification  procedures,  due 
to  Dot.',  the  iiigh  specific  activity  of  the  material  and  procedural  losses, 
.v.u.-nbrane  ultraf iltration  has  been  used  to  overcome  these  difficulties.  Pre¬ 
liminary  results  suggest  this  to  be  a  satisfactory  pre-purification  procedure. 
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(U)  Infectious  diseases;  (U)  Military 
drate 


I  TICHMICAk  OtilCTIVK.*  I«  II.  MOONIU  fAiiMfM  lil«»ldkM»(  hr  «/  M(K  tttufttf  C«tf* 

23  (tJ3  Evaluate  biological  activity,  role  and  significance  of  serum  glycoproteins 
in  the  early  diagnosis  of  infectious  diseases.  Tills  work  unit  Is  an  essential 
element  In  a  comprehensive  program  for  medical  defense  against  BW  agents. 

24  (U)  Determine  serum  glycoprotein  and  protein  electrophoretic  patterns  In  normal 
and  Infected  states  using  improved  techniques,  In  order  to  understand  their 
significance, 

25  (U)  71  07  -  72  06  -  Methodology  has  been  standardized  Cor  a  more  complete  and 
accurate  characterization  ol  serum  proteins  and  glycoproteins.  Normal  baseline 
values  have  been  collected  for  man,  rfvesus  monkey  and  rat.  Changes  which  occur 
in  these  substances  in  disease  conditions  appear  (1)  to  be  nonspecific  with 
regard  to  inciting  agent,  (2)  have  a  high  priority  In  the  host  respon.se,  and  (3) 
may  be  triggered  by  the  relea-se  '.f  host  endogenous  media  tor  (s) . 

Publications;  Amer.  J.  Vet.  Res.  33:  323-  327,  1972 
Clin.  Res.  19:675,  1971  (abstract) 

Fed.  Proc.  31:710,  1972  (abstract) 

Terminated  since  FY  1973  funding  will  be  under  The  Surgeon  General,  Army. 
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Work  Unit  .Vo.  096  O'J  012:  Evaluation  of  Ser-—  Olvcoprotein  Change.s  in 

Early  Diagnosi.s  .fectious  Illnesc  of 

Medical  Importar 


Evaluate  biological  activity,  role  and  .significance  uf  .serum  .glyco- 
praCeinb  in  the  early  diagnosis  of  infectious  diseases. 

Progress: 

During  the  year  we  have  been  able  to  standardize  techniques  and 
procedures  for  a  more  complete  and  accurate  characterization  of  serum 
glycoproteins . 

To  measure  total  glycoprotein  concentration  we  have  standardized 
procedures  for  analyzing  4  major  carbohydrate  moieties  contributing  to  tl-.e 
sugar  portion  of  serum  glycoprotein  concentration.  The.se  sugar  moieties 
are  hexose,  hexosamine,  sialic  acid  and  methylpentose ;  the  sum  of  their 
concentrations  in  serum  represents  total  serum  protein-bound  carbohydrate 
and  is  thus  an  Index  of  total  glycoprotein  concentration.  This  value,  when 
combined  with  cellulose  polyacetate  electrophoresis  of  serum  and  s Laining 
for  glycoprotein  with  periodic  acld-Schiff  reagent,  can  then  be  u.sed  to 
compute  absolute  and  relative  amounts  of  glycoprotein  in  each  of  the  electro¬ 
phoretic  fractions.  Likewise,  using  total  serum  protein  determined  by  a 
biuret  method  and  electrophoresis  followed  by  staining  for  protein,  similar 
parameters  can  be  quantitated  for  serum  proteins.  Computer  programs  la\e 
been  written  to  derive  all  the  above  mentioned  values  from  raw  laboratory 
data. 


Tlie  Farrand  Cti romatogr.im  Analyzer  has  been  adapted  for  scanning 
cellulose  acetate  e  lectrophoretograins  stained  for  protein  and  glycoprote ■'ins  . 
This  maciiine  provides  a  more  accurate  and  less  lahoriou.s  method  of  scannir.g 
our  ei ectrophoretegrams  than  the  Beckman  .Analytrol.  Compared  to  the  Farrand 
Chromatogram  Analyzer  the  Beckman  Analytrol  give.s  an  erroneously  high 
percentage  of  albumin  and  J.ow  percent-ages  of  all  globulin  fractions. 
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Employing  the  above  described  techniques  and  procedures  we  first 
established  baseline  values*  At  this  time  we  have  collected  normal  values 
for  man  (Medical  Division  Protocol  FY72--2) ,  rhesus  monkey,  and  rat.  The 
values  for  the  first  two  are  relatively  similar  but  significant  differences 
are  found  when  these  2  species  are  compared  to  the  rat.  For  example,  man 
has  a  total  protein-bound  carbohydrate  concentration  of  220.07  +  4.88  tng/100 
(mean^+  SEM)  compared  to  392.16  +  16.20  mg/100  ml  for  the  rat,  ~ln  man  14.7 
+  0,8.^  of  this  total  glycoprotein  falls  In  the  glycoglobulln  fraction  .hkI 
2S.1  +  0.7%  in  the  *2  fraction.  Whereas  in  the  rat  tlie  percentage  dlstrlbuti; 
w.  .i.usc  2  rruc;ion,-j  53.4  -i*  *.,6  and  15.7  _+  0,9  respectively,  Dlf f ercnc*.'.'-. 

I  ma..;4iiCuaL  Dt:  into  con.^ideration  when  iiitcrproi; ing 

XpiJ  *•  UU ^  ^ a o C i:)  ^  kOTu  uiL  TU  T v.  uC  SpiiC  i  GS  « 


on 


a  0  o  0  ^  a  c 

dramatic  absolute  increase  in  a 


bi;-corid.-y,  wo  me  a  so  re...  ohar.gos  in  protein  and  glycoprotein  patterns  of 
1  iC e*-  Wj-i-.i  u  :3yi) .-err.i c  feljrij.e  disease  induced  by  Dip lo co ecus  piieumoniae  , 
■ir  .a  j-vii-aiicea  aicbrile  mflarru.Kttory  reaction  elicited  hv  the  subcutaneous 
..n^ectioa  ot  sterile  turpentine.-  In  both  Instances,  changes  in  patterns  of 
p^-asm,*  proteins  and  glycoproteins  were  similar  and  characterized  by;  an 
decrease  in  albumin,  increased  <2  and  .■  globulins,  an  even  more 

a2  and  ;3  glycoglobulins  and  total  plasma 
protein-bound  carbohydrate  including  elevations  in  each  of  the  4  individual 
carbohydrate  moieties  measured.  Furthermore,  these  same  patterns  of  change 
were  seen  in  rats  which  were  starved  to  a  25%  body-weight  loss  prior  to  being 
stressed  with  either  pneumococci  or  turpentine.  It  was  concluded  therefore; 

(1)  the  changes  noted  in  plasma  proteins  and  glycoproteins  were  nonspecific 
with  respect  to  inciting  agent}  and  (2)  these  changes  occupy  a  high  priority 
in  the  host  response,  in  that  they  occur  despite  drastic  reductions  in 
nutritionally  derived  plasma  precursor  pools. 


Lastly,  we  began  an  investigation  to  determine  if  leukocytic 
endogenous  mediator  (LEM),  similar  to  that  described  by  Pekarek,"  may  be 
responsible  for  these  changes.  Amino  acid,  Zn  and  Fe  movement  into  liver 
found  to  occur  following  LEM  administration  to  normal  rats,'  has  been  also 
found  to  occur  in  pneumococcal  infected  rats.‘‘  Preliminary  data  In  this 
.aboratory  also  document  such  a  flux  in  turpentine-stressed  rats.  Injection 
or  LEM  into  normal  rats  produces  an  absolute  decrease  in  albumin,  increases 
in  \2  globulin  and  3  glycoglobulln  fractions  and  total  protein-bound  earb, - 
.ivdrates.  These  data  are  within  the  pattern  of  c'lange  seen  with  ptieumoiviccal 
infected  or  turpentine  inflamed  rats,  therefore  suggesting  that  some  such 
raediator(s)  may  be  involved  in  triggering  these  changes. 


S_ummary^: 


Methodology  has  been  standardized  for  a  more  complete  and  accurate 
characterization  ot  serum  proteins  and  glycoproteins,  I'ermal  ba.seline  \-aluos 
h.*ve  been  collected  for  man,  rhesus  monkey  and  rat.  hiianpes  which  occur  in 
cnc.se  substances  in  disease  conditions  appear  (1)  to  be  nonspecific  wicti 
regard  to  inciting  agent,  (2)  have  a  high  priority  in  t!ie  ho.st-response ,  and, 
(3)  may  be  triggered  by  the  release  of  host  endogenous  med  i  .ator  (s)  . 


Presentation : 

Cockerell,  G.  L.  Plasma  protein  and  glycoprotein  changes  in 
inflammation,  Infection  and/or  starvation.  Presented  at  Annual  Meeting 
of  Federation  of  American  Societies  for  Experimental  Biology,  Atlantic 
City,  New  Jersey,  9-14  April  1972. 

Publications : 

1.  .<lainet.  A,  S.,  E.  Dixon,  and  V.  R.  Heisel.  1971,  Serum  glyco¬ 
proteins  in  acute  infection.  Clin.  Res.  19:675  (abstract). 

2.  Rollins,  J.  3.,  T.  D.  Shult.2,  and  R.  H.  Fi.ser.  1972  .  Serial 
measurements  of  serum  protein,  glycoprotein,  and  lipoprotein  fr.ictions  in 
normal  and  Venezuelan  equine  encephalomyelitis-vaccinated  ponies  and 
burros.  Amer,  J.  Vet.  Re°.  33:323-327. 

3.  Cockerell,  G.  L.  197?,  Plasma  protein  and  glycoprotein  cliaiiges 
in  Inflammation,  Infection  and/or  starvation.  Fed.  Proc.  31:710  (abstract) 
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23  (U)  Evaluate  changes  In  serum  proteins  and  isoenzymes  occurring  during 
Infectious  disease  and  elucidate  the  kinetics  of  such  changes  as  an  aid  to 
early  diagnosis.  This  work  unit  Is  an  essential  eletoent  In  a  comprehensive 
program  for  medical  defense  against  BW  agents. 


24  (U)  Using  polyacrylamide  gel  electrophoresis .  measure  changes  In  serum 
proteins  md  enzymes  during  Infections. 

25  (U)  71  07  -  72  06  -  Increases  In  lactate  dehydrogenase  Isoenzyme  forms  1, 
2  and  3  have  been  demonstrated  to  occur  during  the  Incubation  period  of 
typhoid  fever,  long  before  clinical  signs  of  Illness, 
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Description; 


Evaluate  changes  In  serum  proteins  and  isoenzymes  occurring  during 
infectious  disease  and  elucidate  the  kinetics  of  such  changes  as  an  aid 
to  early  diagnosis. 

Progress : 

In  a  cooperative  study  with  a  contractor  (University  of  Maryland, 
DA49--193-MD-2867) ,  sera  of  typhoid  fever  patients  were  examined  for 
lactate  dehydrogenase  (LDH)  activity.  Eleven  volunteers  with  experimentally- 
induced  typhoid  fever  had  significant  rises  in  LDH  levels  day  1  post- 
infection.  Analysis  of  these  sera  by  polyacrylamide  gel  electrophoresis 
indicated  that  LDH  isoenzymes  1,  2  and  3  were  noticeably  increased  during 
the  Incubation  period,  in  some  instances  as  much  as  a  week  before  clinical 
evidence  of  illness^  was  seen.  A  possible  source  of  the  increased 
concentration  of  these  isoenzymes  may  be  the  leukocytes  which  contain 
primarily  these  LDH  forms‘  and  release  them  during  phagocytosis.^ 

Experimentation  regarding  staining  techniques  for  glycoproteins  and 
ceruloplasmin  was  carried  out  during  this  period.  Marked  qualitative 
changes  in  serum  glycoprotein  patterns  in  rats  either  Infected  witli 
Diplococcus  pneumoniae  or  subjected  to  turpentine  .abscess  were  seen  (see 
Work  Unit  096  03  012). 

The  Ortec  slab  acrylamide  gel  electrophoresis  system  has  also  been 
used  to  monitor  progress  in  the  purification  of  the  endogenou.s  medlatorfs) 
of  the  alterations  In  serum  trace  metal  concentration,  in  amino  acid  movemcuu 
and  in  serum  protein  synthesis  (see  also  Work  Unit.s  096  01  009  and  096  03  010) . 

Summary! 

Qualitative  increases  in  LDH  isocnzyme.s  forms  1,  2  and  3  were  sliowi 
to  occur  in  the  sera  of  volunteers  exposed  to  typhoid  fever  during  tlie 
incubation  period,  long  before  clinical  signs  of  illness, 

.Stains  for  other  enzymes  possessing  multiple  .active  forms  as  well  as 
for  glycoproteins  are  being  evaluated. 
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A,  Schwartz,  K.  B.  Homlck,  and  W.  R.  Beisel.  1972.  Evidence  for  an 
endogenous  mediator  of  serum  amino  add  and  trace  metal  depression  following 
experimentally-induced  typhoid  fever  in  man.  J.  Infect.  Dis.  In  press. 
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(If)  Chikunfeu^^*  Mllttarv^me^icl  virus;  <U)  SemJikl  Forest  virus; 


III  tlCNNlCAL  OftjtrTIve.*  li  AftAMACN,  It.  M9«MU  |Mea«fR|i#i«  *r  nimAm  «f  mwA  »iiA  ClM*lftrRN«i  CM«  > 

23  (U)  Develop  tests  for  use  In  rapid  diagnosis  of  viral  diseases.  This  work  unit 
Is  an  essential  eleiaent  In  a  comprehensive  program  for  medical  defense  against  BW 
agents . 

24  (U)  An  Interferon  of  tissue  culture  origin  will  be  produced  and  characterized. 
Standard  methods  for  bloassay  will  be  applied.  Interferon  Is  to  be  produced  In 
quantity  and  partially  purified.  Antisera  to  partially  purified  interferon  are  to 
be  tested  for  po.sslble  use  In  an  immunological  assay  for  interferon. 

25  (U)  71  07  -  72  06  -  I .  A  human  Interferon  preparation  from  human  embryo  cell 
cultures  convenient  for  use  as  an  Internal  laboratorv  standard  has  been  produced. 
Interferons  from  a  human  fore.skln,  Wl-38,  and  MA-lhO  i.'ill  ciilture.s  have  been 
produced  In  .serum- free  media,  are  suitable  fer  study  of  their  chemical  and  physical 
characteristic. s  ,ind  are  convenient  for  use  for  imniunlzat leu  of  experimental  animals. 

11.  Antisera  which  are  active  In  neutralizing  the  biologic  activity  of  mouse 
Interferon  have  been  produced.  Hie  .application  of  .an  immunological  technique  for 
the  assay  of  Interferon  must  await  further  developments  in  the  labeling  and  purifi¬ 
cation  of  the  Interferons.  A  study  of  virulent  and  attenuated  strains  of  VEE  virus 
indicates  that  the  interferon  system  Is  important  'U  determining  the  yield  of  virus 
from  tissue  culture.  Interferon  sensitivity  may  he  one  of  the  factors  one  should 
examine  when  attenuating  a  virus  strain  for  vaccine  production. 

Publications:  .Abst.  Annual  Meeting  ASM  197.3,  p,  1  sg , 

J.  Con  Virol.  14:49-61.  1972. 

Virology  49:425-4,12  ,  1972  . 

Torn, mated  since  FY  l^/^  funding  will  he  under  H,e  -urgoon  U-neral.  Army. 

New  Project  No.  3A062  L 10A83^ ;  Acce.^sloii  No.  DA  i.K-'6i41  7. 
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Develop  methods  for  the  detection  and  bioassay  of  interferon. 
?ro::;ress.  Part  I: 

Interferon  (IF)  from  several  human  cell  cultures  were  prepared  and 
assayed.  The  IF  preparations  were  processed  by  aseptic  dialysis  against 
buffers  of  pH  2  and  7.4.  Their  characterization  included  the  follott^lng 
criteria;  (1)  noninfective  for  embryonated  eggs,  (2)  not  antiviral  in 
chick  embryo  cell  cultures,  (3)  unable  to  neutralize  the  challenge 
viruses,  and  (4)  retained  antiviral  activity  after  centrifugation  at 
100,000  X  g  for  3  hr. 

One  source  from  human  embryo  cell  cultures  was  produced  by  exposure 
of  these  cells  to  live  Newcastle  disease  virus,  strain  Bl  (NDV  Bl),  and 
collecting  the  interferon  in  medium  199  containing  27.  fetal  bovine  serum. 
The  methods  of  induction  were  suggested  in  literature  references  using 
the  CG  strain  of  NDV^  and  a  UV-irradiated  strain  of  NDV^.  These  anti¬ 
viral  fluids  were  assayed  on  human  foreskin  (CCL54,  Detroit  532)'^  and 
Hel.a  cells  using  Venezuelan  equine  encephalomyelitis  (VEE)  virus  for 
challenge,  with  the  results  shown  In  Table  1. 

TABLE  I.  RESPONSE  OF  HUMAN  FORESKIN  (Ca54)  AND  CELLS  TO 

INTERFERON  PREPARED  FROM  PRIMARY  HUMAN  EMBRYO  (WHOLE) 

CELL  CULTURES  WITH  NDV  Bl 


BIOASSAY 

IF  TITERa/ 

CELL  TYPE 

ml 

Human  foreskin 

5000-8000 

HeLa 

126 

a.  Plaque-reduction  titer,  507  reduction. 
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The  results  Indicate  that  the  Interferon  serves  conveniently  as  an  Internal 
standard  for  the  bloassay  of  Interferons  of  human  origin. 

An  Interferon  was  produced  from  human  foreskin  ceils  (AI'CC,  CCL34)  In 
response  to  Infection  vdth  live  NDV  Bl,  The  interferon  was  produced  in  scrum- 
free  medium  199,  and  assayed  in  homologous  cells  by  a  yield  reduction  method^. 
The  antiviral  spectrum  spectrum  of  this  interferon  can  be  seen  in  Table  II. 

These  levels  of  Interferon  supercede  those  plaque  reduction  values  presented 
previously  for  this  Interferon'. 

TAiLE  II.  LEVELS  OF  A  HOMOLOGOUS  HUMAN  FORESKIN  (CCL54)  INTERFERON  AS 
AS3AYLL  LY  A  YlLLD-IL'.ilSITION  METHOD  AGAINST  5  VIRUSES 


INTERFERON  LEVELS 

UNITS/ 3  ml 

Sindbis 

1000 

Encephalomyocarditis 

320-800 

Vesicular  stomatitis 

320-500 

Western  equine  encephalitis 

320 

VEE 

160-200 

Evidence  was  obtained  that 

the  addition  of  27.  fetal  bovine 

serum  to  the 

human  foreskin  interferon  amplifies  its  antiviral  activity  in  a 
assay  against  the  virus  of  Western  equine  encephalitis. 

yield-reduction 

Interferons  of  human  cell 

culture  origins  were  also  produced  in  2  additional 

cell  strains  as  shown  in  Table  III. 

TABLE  III.  ANTIVIRAL  TITERS  OF  WI-38  AND  MA-160  CELL  INTERFERONS  BY 

PLAQUE  REDUCTION  OF  VEE  IN  HUMAN  AMNION  CELLS  (AV3) 

INTERFERON  SOURCE 

INDUCING  VIRUS 

IF  TITF.R 

CELLS 

PR50/3  ml 

Sendai 

8 

Wl-38,  human 

NDV  Bl 

6 

embryonic  lung 

NDV  (Herts) 

2.5 

NDV  Bl  U\'-irradlated 

6.3 

MA-160,  human 

Sendai 

16 

prostatic  adenoma 

Sendai  (37  C,  18  hr) 

2 

333 


These  titers  are  not  elevated*  and  higher  IF  titers  were  found  when 
the  Interferon  produced  In  WI-38  cells  In  response  to  Sendai  virus  was 
assayed  In  homologous  and  HeLa  cells.  Thus*  Sendai  virus  was  shown  to 
induce  Interferon  In  Wl-38  cells,  and  Joins  Chlkungunya,”  respiratory 
syncytial,'  and  NDV°  as  known  Interferon  Inducers  In  this  cell  strain. 

Previous  procedures  had  indicated  that  when  gulnes  pigs  were  In^ 
jected.wlth  attenuated  VEE  vaccine,  strain  TC-83,  and  a  L-cell  inter¬ 
feron,  a  neutralizing  antibody  of  about  1/8  for  the  mouse  interferon 
was  demonstrable.  Ininunization  schedules  are  being  planned  for  inocula- 
.;aoa  of  aninal:.  with  aelectod  h-aour.  interferons  harvested 


A  h'ar>un  interferon  preparation  from  human  embryo  cell  cultures 
convenient  for  use  as  an  internal  laboratory  standard  has  been  produced. 
Interferons  from  human  foreskin,  WI-38,  and  MA-160  cell  cultures  have  been 
produced  in  serum-free  media  are  suitable  for  study  of  their  chemical  and 
physical  characteristics,  and  are  convenient  for  use  for  immunization  of 
lower  animals. 

Progress.  Part  II ! 

Sera  obtained  from  rabbits  and  guinea  pigs  immunized  with  chick  and 
mouse  Interferons  were  tested  for  anti-interferon  activity.  None  was 
found  in  sera  from  animals  immunized  ;d.th  chick  Interferon.  Serum  from 
guinea  pigs  Itnuunized  with  mouse  interferon  has  been  shown  to  contain 
anti-interferon  activity.  In  order  to  obtain  isotoplcally  labeled  inter¬ 
feron  for  use  as  a  test  antigen*  the  induction  of  L-cell  interferon  by 
NDV  (B^  strain)  was  carried  out  in  the  presence  of  tritium  labeled  amino 
acids.  Partial  purification  of  the  interferon  was  attempted  by  the  use 
of  gel  chromatography.  The  yield  of  interferon  from  the  labeling  experi¬ 
ment  was  low  and  biological  activity  was  not  recovered  from  the  column. 

A  study  of  the  effect  of  attenuation  of  a  virus  on  the  sensitivity 
to  and  production  of  Interferon  was  carried  out  with  several  strains  of 
VEE  and  Western  e<juine  encephalomyelitis  (WEE)  viruses.  The  results 
show  that  at  high  multiplicities  of  infection  (MOl)  more  interferon  and 
less  virus  are  produced  by  chick  embryo  cells  (CEC).  Furtheirmore  v;hen 
the  virus  inoculum  is  gro^^n  in  CEC,  more  chick  interferon  and  less  virus 
are  produced  by  CEC  when  compared  to  mouse  brain  inoculum  at  the  same 
MOI.  Chick  interferon  was  demonstrated  in  the  CEC  grown  inoculum  and 
the  results  above  are  probably  due  to  the  "priming"  phenomenon.^®  The 
Trinidad  and  TC-83  strains  of  VEE  were  found  to  induce  approximately  the 
same  amount  of  interferon;  the  attenuated  cl-15  strain  of  i^E  induced 
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more  interferon  tliat  the  parent  11628  strain.  A  lar^’e  and  small  plaque  variant 
were  selected  from  the  seed  stock  of  Trinidad  VEE  virus.  The  virulent  strains 
were  found  to  be  less  sensitive  to  both  chick  and  mouse  interferon  when  com¬ 
pared  with  the  TC-83  attenuated  strain.  These  results  suggest  that  interferon 
sensitivity  may  be  one  of  the  factors  that  should  be  selected  for  in  the 
attenuation  of  a  virus  strain.  The  virulent  and  attenuated  VEE  virus  strains 
may  be  useful  in  investigating  the  role  of  interferon  as  a  specific  host 
defense  mechanism. 

Summary,  Part  II; 

Antisera  whic'n  are  active  in  neutralizing  the  biologic  activity  of  mouse 
interferon  were  produced.  The  application  of  an  i,‘nmunologlcal  technique  for 
the  assay  of  interferon  must  await  further  developments  in  the  labeling  and 
purification  of  the  interferons.  A  study  of  virulent  and  attenuated  strains 
of  VEE  virus  indicates  that  the  interferon  system  is  important  in  determining 
the  yield  of  virus  from  tissue  culture  and  suggests  that  interferon  sensitivity 
ir,ay  be  one  of  the  factors  selected  for  in  the  attenuation  of  a  virus  strain. 

Presentation; 

Luscri,  B.  J.  Several  observations  on  the  induction  and  bioassay  of 
interferon  from  human  cell  cultures.  Presented  at  Annual  Meeting  of  American 
Society  for  Microbiology,  Philadelphia,  Pa.  23-28  April  1972. 

Publications; 

1.  Luscri,  B.  J.  Several  observations  on  the  induction  and  bioassay 
of  interferon  from  human  cell  cultures.  Abst.  Annual  Meeting  ASM,  1972. 

2.  Jordan,  G,  W.  1972.  Basis  for  the  problt  analysis  of  an  interferon 
plaque  reduction  assay.  J.  Gen.  Virol.  14;49-61. 

3.  Jordan,  G.  W.  1972.  Quantitative  aspects  of  interferon  induced 
plaque  reduction:  Kinetics  of  interferon  action.  Virology.  48:425 -432, 

4.  Jordan,  G.  W.  1972.  Effect  of  interferon  on  the  production  of 
hemagglutinins  and  Infeotlvlty  of  GDVII  virus.  Arch,  ges .Virusforsch.  In 
press. 
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23  (U)  Develop  an  In  vitro  diagnostic  test  for  rapid  detection  of  antibody  to  viruses 
causing  militarily  significant  disease.  Detect  antigenic  and  biochemical  variation 
among  closely  related  viruses.  This  work  unit  is  an  essential  element  In  a  compre¬ 
hensive  program  for  medical  defense  against  BW  agents. 

24  (U)  Virus-antibody  complexes  are  separated  and  detected  by  cellulose  acetate 
electrophoresis  and  column  chromatography. 

25  (U)  71  07  -  72  06  -  An  identification  procedure  was  developed  to  determine  the 
strain  grouping  of  unknown  VEE  field  specimens  using  the  roleroprec Ipltat Ion  te.ft 
(MPT)  to  detect  minor  antigenic  differences  among  the  virus  strains.  Six  field 
specimen.^,  previously  classified  by  subgroup  by  the  kinetic  hemagglut  Inat  ion- Inhibit  Ion 
technique,  were  similarly  identified  by  this  laboratory  using  MPT,  Methods  are  being 
studied  to  increase  the  sensitivity  of  the  MPT  using  125-1-labeled  globulin.  Clinical 
specimens  from  rhesus  monkeys  experimentally  Infected  with  rubella  virus  were  examined 
for  detection  of  specific  antigen  using  the  M1>T, 

Column  chromatography  of  selected  VEE  viruses  on  calcium  phosphate  gel  offered  a 
simple  and  reproducible  method  for  examination  of  biochemical  characteristics  and 
relatedness  of  strains  within  the  VEE  complex. 

Isolation  of  VEE  virus  from  mosquitoes  captured  In  Louisiana  during  the  Texas 
epizootic  will  be  reported  in  Applied  Microbiology  soon  to  he  publl.shed. 

Publications:  Appl,  Microbiol.  22:143-144,  1971; 


Terminated  since  FY  1973  funding  will  be  under  The  Surgeon  General,  Army. 
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Projoct  No.  IW6627 11A096 :  Medical  Dofonso  Aspects  of  Biological  Agents  (U) 

Task  No.  1W662711A096  03:  Laboratory  Identification  of  Biological  Agents 

Work  Unit  No.  096  03  403;  Separation,  Purification  and  Concentration  of 

Arbovirus  Agents  and  Antigen»antibody  comple.xes 
for  Military  Medicine 


Jescripticn: 

Develop  an  vi t ro  diagnostic  test  for  the  rapid  identification 
of  viruses  causing  militarily  significant  disease.  Detect  antigenic- 
variation  among  closely  related  viruses. 

Progress,  Part  I: 

The  microprecipitacion  test  (MPT)  was  employed  to  detect  antigenic 
differences  among  strains  of  Venezuelan  encephalomyelitis  virus  (VEE) 
representing  each  of  the  8  groups  characterized  by  Young  and  Johnson^ 
using  kinetic  hemagglutination  inhibition  (KHI)  technique.  Tissue  culture 
virus  materials  of  these  8  strains  of  VEE  were  produced  from  the  supernatant 
fluid  harvests  of  infected  duck  embryo  cell  monolayers.  These  materials 
were  concentrated  by  DEIE  -  cellulose  chromatography  and  ultracentrifugation 
in  order  to  prepare  high  titered  antigens  for  use  in  the  MPT.  Table  1 
shows  PFU  and  hemagglutinin  (HA)  titers^  of  the  antigens. 

TABLE  1.  TITRATION  OF  VEE  ANTIGENS 


ANTIGEN 

PFU/ml^'^ 

RECIPROCAL 

HA  TITER 

Name 

Group 

Trinidad 

la 

10,9 

3200 

TC-83 

unc lasslf ied 

11.6 

3200 

lea 

lb 

10.6 

3200 

P676 

Ic 

11.0 

3200 

3880 

Id 

11  .  i 

.5200 

Mena  II 

Ic 

1  u .  7 

800 

Fe  3-7c 

11 

10.5 

1600 

Mucambo  (MUC) 

111 

11,3 

6400 

Pixuna  (PIX) 

IV 

10.1 

400 

a.  Assayed  on 

chick  embryo  cell 

monolayers . 
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■I'ADLE  11.  hemagglutination- INHIBITION  TITERS  OF  RABBIT  ANTISERA 


ANTISERUM 

RECIPROCAL 

HI  TlTERi^ 

Trinidad 

.-5120 

TC-o3 

5120 

■5120 

!  V 

Ji20 

5120 

640 

fe  3-7c 

2560 

MUC 

320 

PIN 

320 

a.  All  sera  tested  for  HI  activity  against  8  units  of  Trinidad  VEE 
antigen. 

Antisera  for  the  MPT  were  produced  In  2-2.5  kg  New  Zealand  albino  rabbits 
inoculated  with  formalin-inactivated  suckling  mouse  brain  preparations  of  the 
strains.  Table  II  shows  the  liemagglutinatlon-i nhibi t ion  (HI)  titers  of  the 
antisera.  An  antigen-antibody  reaction  pattern  was  established  for  each 
antigen  using  the  MPT.  Dilutions  of  (1:4  -  L:b4)  of  each  antigen  were 
reacted  in  the  MPT  with  dilutions  of  1:10  -  1:160,  respectively,  of  the 
different  antisera.  Such  block  testing  revealt'd  that  each  antigen  poasessed 
a  unique  pattern  of  reactivity  differing  from  other  antigen  prototypes. 

Table  III  shows  the  scoring  of  the  antigen-antisera  reaction.s.  From  this 
tabulation  a  standard  test  pattern,  as  shown  in  Table  IV  was  developed  to 
identify  ttie  strain  prototypes  of  unknown  specimen.s. 
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Blind  experiments  wore  conducted  using  the  8  antigens  coded,  but 
not  strain  labeled.  Correct  identification  of  these  antigens  proved 
possible  using  Che  test  standard.  To  prove  the  validity  of  the 
established  standard  for  identifying  strains  of  unknown  field  specimens, 
VliE  virus  strains  obtained  from  Drs.  Sherer  and  Shope  were  subjected 
to  these  identification  procedures.  The  virus  materials  were  grown 
in  duck  embryo  cell  monolayers  and  Che  supernatant  harvest  fluids 
concentrated  by  cellulose  chromatography  and  ultracentrifugation  to 
prepare  antigens.  Using  the  antisera  to  the  8  original  strain  prototypes, 
in  dilutions  selected  for  the  standard  pattern,  the  antigens  were 
auo  ;u...tec.  to  t.ie  MPT.  Tne  resulting  values  obtained  in  the  standard 
te-u  pattern  vvi'e  used  to  classify  che  antigens  into  VEE  strain  groups 
.•.uvi.ni.  ai.'.'.tl-ur  antigenic  reactivity.  Six  anCicens  have  currently  been 
cx.^,T.i:-.et.  witn  tr.is  launtif ication  procedure.  This  laboratory,  was 
.-olu  placu  6  antigens  into  the  identical  strain  groups  Young  and 
oonr.aor.  designated  using  Che  KHI  technique. 

125 

Modification  of  the  MPT  utilizing  1  labeled  globulin  is 
currently  under  investigation.  Successful  detection  of  small  amounts 
of  antigen  In  field  or  clinical  specimens  is  not  possible  with  the 
present  MPT.  Currently,  antigen  must  have  a  titer  of  >10  logs  of  virus 
material  before  the  antigen-antibody  mixture  will  result  in  a  visible 
precipitate  in  the  MPT.  Feasibility  is  being  studied  for  using 
globulln  complexed  directly  with  an  antigen  or  complexed  with  an 
antigen-antibody  reaction  mixture  in  the  MPT.  Such  successful 
modification  of  the  MPT  should  allow  the  detection  of  small  amounts 
of  viral  material  as  might  be  found  in  clinical  or  field  specimens, 

Currently  experiments  are  being  conducted  to  detect  rubella  virus 
in  clinical  specimens  from  rubella-infected  rhesus  monkeys.  Tissue 
culture  methods  revealed  virus  in  throat  specimens;  however,  crnventional 
MPT  on  replicate  specimens  failed  to  detect  the  antigen.  Studies  are 
continuing  tc  use  the  MPT  modification  for  detection  of  rubella 

antigen . 

Summary,  Part  1; 

An  identification  procedure  was  developed  to  determine  tlie  strain 
grouping  of  unknown  VEE  field  specimens  using  the  MPT  to  detect  minor 
antigenic  differences  among  the  virus  strain.s.  Six  field  specimens, 
previously  classified  into  subgroups  by  the  KUl  teclinique,  have  been 
similarly  identified  by  this  laboratory  using  the  MPT.  Methods  are 
being  studied  to  increase  the  sensitivity  of  the  MPT  u.slng  ^^^1- labeled 
globulin.  Clinical  specimens  from  rhesus  monkeys  experimentally 
infected  with  rubella  virus  are  being  tested  with  MPU  for  detection  of 
the  antigen. 


TABLE  III.  VKK  ANT I GEN -ANT I SERA  REACTIVITY  USING  MPT 


Dilution  Trin.  TC-83  Ica  P676  3880  Mena  I]  Fe  3-7c  MUC 


indicatfs 


TABLE  IV.  STANDARD  TEST  PATTERN  FOR  VEE  STRAIN  IDENTIFICATION 


ANTISERUM 

Reciprocal  at 

highest 

ANTICEV 

dilution  showing  +  reaction 

Name 

Dilution 

Trin. 

TC-83 

Ira 

P876 

3880 

Mena 

11 

Fe3-7c 

Trinidad 

1:40 

64^^ 

32 

32 

32 

8 

8 

8 

TC-83 

i :  20 

32 

32 

32 

32 

16 

2 

4 

lea 

i  :40 

32 

32 

32 

64 

16 

4 

8 

P6V6 

1:40 

64 

32 

64 

64 

8 

8 

8 

3880 

1:20 

8 

64 

32 

16 

8 

8 

2 

Mena  II 

1:20 

32 

32 

32 

64 

4 

8 

8 

Fe  3-7c 

1:10 

8 

8 

16 

64 

2 

8 

8 

MUC 

1:40 

8 

- 

16 

- 

4 

8 

- 

FIX 

1:40 

8 

• 

4 

- 

4 

- 

- 

a  No  reaction  with  undiluted  antigen,  when  retested  below  1:4. 
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TABLE  V.  PHOSPHATE  MOLARITY  OF  PEAK  VIRUS  INFECTIVITY 


ANTIGENIC 

GROUP 1 

VIRUS 

STRAIN 

FRACTION 

NUMBER 

PHOSPHATE 

MOLARITY 

la 

Trinidad 

20 

0.25 

-  - 

TC.83 

18 

0,23 

Ib 

lea 

20 

0.25 

-  - 

9859 

20 

0.25 

Ic 

P-676 

19 

0.24 

Id 

3880 

17 

0.22 

le 

Mena  11 

18 

0.23 

iii' 

Fe  3-7c 

14 

0.19 

25 

0.30 

111 

Muc ambo 

31 

0.36 

IV 

Pixuna 

27 

0.32 

a.  Two  peaks  o£  virus  Infectlvlty  have  been  observed. 
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TABLli  VI  VIRUS  ISOLATIONS  BY  AREA 


MOSQUITO  SPECIES 

POOL  SIZE 

VIRUS 

COLLECTION  REF.  NO. 

AND  DATE 

Cu'kisiita  rc'lanura 

28 

EEE 

BRi''-18-2l4/ll-2  Aug 

>.  ■.-ov.J-.nr.i;. 

100 

VEE 

AL“^-26-222/17-10  Aug 

V^U  1.  CX  U  d  f  S  u  1.  X  ii 

104 

WEE 

OD^^-14-212/06-31  Jul 

C  *  L'  ^  jT  ^  j  U  1.  1  c 

71 

WEE 

OD- 14-219/08-7  Aug 

C  ,  X  1*  t>  3  1  i  .S 

30 

WEE 

DD- 24 -22 1/05  -  9  Aug 

C.  carsalis 

39 

WEE 

OD-25-221/08  -  9  Aug 

C.  tarsalis 

100 

WEE 

OD- 14- 226/06  -  14  Aug 

Acdes  thelccer 

18 

WEE 

OD-25-228/02  -  16  Aug 

C.  carsalis 

67 

WEE 

OD-25-228/09  -  16  Aug 

Psorophora  discolor 

96 

WEE 

OD-25-228/14  -  16  Aug 

C.  tarsalis 

15 

WEE 

OD-OI-229/07  -  17  Aug 

P.  confinnis 

106 

VEE 

00-28-230/17  -  18  Aug 

C.  tarsalis 

100 

WEE 

OD-24-235/01  -  23  Aug 

C.  tarsalis 

iOO 

WEE 

OD-25-235/23  -  23  Aug 

C,  tarsalis 

100 

WEE 

AM^'^-31-217/12  -  5  Aug 

C.  tarsalis 

100 

WEE 

AM-31-217/13  -  5  Aug 

Ac'dori  nigromaculis 

100 

WEE 

AM-32-217/03  -  5  Aug 

C .  tarsalis 

23 

WEE 

AM- 2(1- 228/02  -  1  ti  Aug 

C.  tarsalis 

100 

WEE 

AM-05-231/01  -  19  Aug 

C,  tarsalis 

100 

WEE 

AM-03-231/03  -  19  Aug 

C.  tarsalis 

100 

WEE 

AM-05-231/04  -  19  Aug 
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TABLK  VI.  VIRUS  ISOLATION  BY  ARKA  (Continued) 


MOSQUITO  SPEC IKS 

POOL  SIZE 

VIRUS 

COLLECTION  REE.  NO. 

AND  DATE 

C.  tarsal is 

104 

WEE 

AM-32-231 /05  -  19  Aug 

.  Larsa  L !  b 

100 

WEE 

AM-17-235/03  -  23  Aug 

C. ,  :  a  I'll, 1 . 1  j. 

100 

WEE 

AM- 18-235/01  23  Aug 

V.  ,  .*  4  1*  .  1  1  r  l> 

100 

WEE 

AM- 18-235/03  -  23  Aug 

.  r  1  r 1 1  .-i 

16 

WEE 

AM- 18 -235/04  -  23  Aug 

C.  tarsal,  is 

100 

WEE 

AM-21-235/12  -  23  Aug 

0,  tarsaLi.s 

100 

WEE 

AM-21-235/10  -  23  Aug 

Culex  Sdp. 

1 

WEE 

AM-01-237/15  -  25  Aug 

1. 


3. 


4  . 


Collecting 
Collecting 
Coll ecting 
Collecting 


toan'  based 
team  based 
team  based 
team  based 


at  Baton  Rouge,  Louisiana, 
at  Ale.\andrla,  Loui.siana. 
at  Odessa,  Texas, 
at  Amarillo,  Texa.s. 


Progress,  fan  II: 

In  an  attempt  to  differentiate  virus  strains  witliin  tlie  VLK  eeniplex^’'^ 
We  liave  used  the  brushlte  form  of  calcium  phospl>ate,  as  descriheti  by 
Burness"*  for  column  chromatography.  Adsorption  to,  and  .'Uihsiqiient  elution 
of  virus  populations  from  hrushlte,  prob.ibly  involve.^  properties  unique 
to  each  prototype,  virus,  wfiicii  may  be  a  reflection  of  the  eharge  on  the 
viral  membrane. 


>43 


Column  chromatography  utilizing  calcium  phosphate  provided  reproducible 
clirnmatographic  separation »  good  flow  rates,  and  routine  recovery  of  at 
least  90%  of  applied  viruses.  The  results  of  chromatography  with  the 
TC-63  vaccine  strain  of  VEE  virus  gave  a  pattern  which  was  representative 
of  the  antigenic  subgroup  I  VEE  viruses  examined.  Both  virus  and  HA 
activity  eluted  in  a  sharp  peak  which  was  associated  with  a  minor  peak 
of  optical  density.  The  phosphate  molarity  which  corresponded  with 
maximal  Infectlvity  of  VEE  viruses  is  shown  in  Table  V.  We  found  that 
antigenic  subgroup  1  varieties  elicited  virus  peaks  in  a  very  narrow 
range  suggesting  an  intimate  biochemical  relationship. 

Xembers  of  antigenic  subgroups  11,  111  and  IV  exhibited  unique 
profiles.  Examination  of  Fe  3-7c  (subgroup  11)  exhibited  2  peaks  of  virus 
init-T civi ty  which  suggested  a  differentiation  of  plaque  size  variants. 

Thi.'  L-iution  profiles  of  Mucambo,  Pixuna  and  Mena  11  viruses  indicated 
diff.,'rent  surface  properties  '.mong  these  strains.  Mena  11  is  a  mc'mber 
of  subgroup  le,  while  Mucambo  and  Pixuna  belong  to  subgroups  111  and  IV 
respec  tively . 

Summary.  Part  11: 

Column  chromatography  of  selected  VEE  viruses  on  calcium  phosphate 
gel  offered  a  simple  and  reproducible  method  for  examination  of  biochemical 
characteristics  and  relatedness  of  strains  within  the  VEE  complex.  Members 
of  antigenic  subgroup  1  demonstrated  a  series  of  elution  profiles  within 
a  narrow  range  of  0.22  to  0.25  M  phosphate  buffer.  Members  of  antigenic 
subgroups  II,  111,  and  IV  differed  substantially  among  themselves  and  viruses 
of  antigenic  subgroup  I. 

Progress.  Part  III; 

Between  28  July  and  26  August  1971,  13,193  pools  of  mosquitoes  (501,992 
mo.squitoes  comprising  52  species)  were  collected  by  U..S,  Army  Field  Collection 
and  Sorting  Teams,  Fifth  U.S.  Army  Medical  Laboratory,  Fort  Sam  Houston, 

Texas.  These  pools  wore  processed  for  the  isolation  of  Group  A  arboviruses 
as  recommended  by  the  Center  for  Disease  Control  (Sudia,  personal  communication) 
by  inoculation  of  primary  duck  embryo  cell  cultures  followed  by  an  agar- 
medium  overlay  to  contain  the  toxicity  of  the  mosquito  pools.  The  supernatant 
fluid,  obtained  by  freezing  and  thawing,  from  those  cells  producing  plaques 
was  inoculated  into  suckling  mice  and  the  brains  of  tiu;  mice  which  died  were 
examined  for  viral  antigen  using  monospecific  sera  with  the  complement 
fixing  (CF)  technique. 

Table  VI  lists  the  isolations  by  area  of  collection.  There  were  2b 
isolations  of  western  equine  encephalitis  (WEE)  from  pools  collected  in 
areas  of  West  Tex.'-s  known  to  be  endemic  for  the  virus.  There  was  a  single 
i.solation  of  oa.stern  equine  encephalitis  (EEK.)  from  a  pool  of  mosquitoes 
collected  on  2  August  near  Madisonvi I le ,  St.  Tammany  Parisli,  Louisiana. 
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IVo  strains  of  VKE  wore  roiovorod ;  (H  an  avirulonl  strain  from 
a  pool  ot  100  Psorophora  conflnnls  rol  loctod  In  llvanno  1  ino  I’arisli, 

Louisiana,  on  10  August  and  (d)  a  virulont  strain  from  a  pool  of 
106  P.  ronf  innts  colloctoil  wosl  of  Dol  Kio,  Valvonli'  County .  Ti'sas, 
on  18  August.  Tlu>  avirulont  strain  ha.s  bron  oxt onsl voly  studioil  at  tiu' 
Cmtor  for  Disoast'  Control,  Atlanta,  Ooorgla,  tho  Middlo  Amorican  Ri'.soarfh 
Unit,  Panama,  as  well  as  in  this  laboratory.  It  is  typo  lA  viru.s;  its 
in  vivo  virulonro  pattern  iiuliraios  that  it  is  tho  vacoino  strain. 

Mechanical  transmission  did  not  seem  to  he  important  since  all  visil'■I^' 

I  ngorj’.od  iiiosqui  Loos  were  excluded  from  pools;  the  Liter  of  the  peel 
ti:d  X  10^  PPb/ml)  indicated  Lliat  this  was  a  true  infection  with  a 
subsequent  extrinsic  incubation  period.  Reisolations  from  the  original 
pool  were  completed  at  the  CDC  as  well  as  hero  at  USAMRlll).  Horses 
luid  been  vaccinated  in  the  area  of  Louisiana  wheie  this  particular  pocil 
was  collected  during  July  and  perhaps  as  last  as  1C  August.  i'lu' 

P.  coni'  i  nni  s  mosquito  has  been  tlie  most  highly  infecteil  speeies  of  tho.se 
collected  in  the  epidemic  areas  of  Mexico  and  the  H .  S.  (.Siidia,  pei-son.tl 
e  otnniunic  at  ionl  ;  the  single  isolation  during  a  project  lasting,  6  wei’Us 
indicates  that  tho  occurrence  of  the  vaccine  strain  in  mosquitoes  wliile 
a  true  finding  is  extremely  rare. 

The  initial  pools  wore  received  on  3  August,  tlu-  final  pools  on  20 
September  and  the  final  report  wa.s  forwarded  to  LIk'  coordinator .  LTC 
Bruce  Eldridge  at  Walter  Reed  Army  Institute  of  Researeli  on  12  tVtober  16V1. 

Summary,  Part  111: 

A  total  of  1,1,19.1  pools  of  mosquitoes  collected  in  areas  peripheral 
to  the  VEE  epidemic  which  occurred  In  Soutli  Texas  from  .lure  to  Aup.ust 
1971,  wore  examined  for  the  presenee  of  Uroup  A  arl>ovi ruses .  A  .single 
Isolation  of  EKE,  26  isolations  of  WKK,  and  2  isolations  of  VEE  were  made. 
One  of  the  VEE  i  solutes  was  tlu-  vaeeiiu'  str.un. 
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I.  ACHIAAk  U«C 

Foreign  intelligence  considered 


MClAt  tCCUAtfy  ACCOUNI 
lAUeCUtl  IWUtATiMTdAI 


Arboviruses ; 

U)  Military  medicine 


'(!&J^**An‘t!(«en-antlbody  reactione;  (U)  Serology; 
Ine  ;  <UT  Encephalitis,  equine  (Vt6 


DA 


III  TICMMiCAi,  OAfCCTivC,*  14  AAAAOACM.  ||.  PROOMIU  fPwmllA  iNAfWlMI  AWelfa^e  IMmIIMaM  Ir  *•«•*•»  #*»•*«»  MAI  ef  AAeA  vfp  Mtwlff  rlAAlfftAllM 

23  (U)  Identify  diseases  by  detection  of  early  specific  antibody  production 
utillclng  an  arbovirus  model  system.  This  work  unit  Is  an  essential  element 
in  a  comprehensive  program  for  medical  defense  against  BW  agents. 

24  (U)  Investigations  will  Involve  the  use  of  antiglobulin  neutralization  In  a 
plaque  reduction  test. 

25  (U)  7  1  07  -  72  06  -  A  rhesus  monkey  Trinldad-VEE  Infectious  system  has  been 
developed  In  coordination  with  the  Animal  Assessment  Division  of  this  Institute. 
An  Infectious  dose  of  less  than  500  PFU  produced  vlremia  within  48  hr  and  levels 
as  high  as  one  million  PFU/ml.  Antibody  titers  as  high  as  1:4096  were  observed 
In  28-day  convalescent  serum.  This  system  will  be  u,sed  to  evaluate  the  proposed 
antiglobulin  technique. 

Publication:  Appl.  Microbiol,  23:654-655,  1972. 

Terminated  since  FY  1973  funding  will  be  under  The  .Surgeon  General,  Army. 
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Idc.ntify  diseases  by  detection  of  early  specific  antibody  production 
utili2iiig  an  arbovirus  model  system. 

Progress: 

Efforts  to  quantitate  the  viremia  in  humans  infected  with  the  strains 
of  17“D  yellow  fever  virus  have  not  been  consistent.  The  17-D  strain 
has  also  been  shown  to  be  a  poor  model  for  plaque  reduction  serology  due 
to  the  4-6-day  time  requirement  for  the  development  of  plaques. 

Antiglobulin  reagents  to  rhesus  monkey  serum  became  available  during 
the  2nd  quarter  of  this  year.  A  cooperative  studies  with  CPT  Kastello 
of  the  Animal  Assessment  Division  has  been  Initiated.  A  pilot  study 
showed  that  an  infectious  dose  of  -1500  PFU  (chick  cell  assay)  of  Trinidad 
strain  Venezuelan  equine  encephalomyelitis  (VEE)  produces  viremia  within 
48  hr.  Titration  of  daily  bleedings  showed  titers  <10^  PFU/ml.  Plaque 
reducing  antibody  titers  <1:4096  have  been  assayed  in  28-day  convalescent 
serum  by  the  plaque  reduction  method. 

These  results  coupled  with  the  ease  and  speed  (■  .30  hr)  of  thi'  Trinidad 
VEE  plaque  assay  lias  directed  major  development  efforts  to  this  .system. 
Evaluation  of  the  antiglobulin  system  with  the  specimens  whieh  have  been 
collected  from  the  monkey  project  is  expected  in  the  near  future. 

Summary : 

A  rhesus  monkey  Trinid.-id-VEE  infectious  system  ha.s  Ihumi  developed 
in  coordination  with  the  Animal  Assessment  Division  of  this  Institute, 

An  infeetious  dose  of  -  .500  PFU  produced  viremia  within  48  hr  witli  titers 
<10^  PFU/ml.  Antibody  titers  <1:4096  have  boet>  ob.served  in  28-day 
convale.scent  serum.  This  system  will  bo  used  to  evaluate  the  proposed 
antiglobul  i  it  teelmique  . 

Pub  1 i cation : 

1.  .^IcMai'.us,  A.  r.  and  U.  M.  Robinson.  ['^*72.  Stability  of  live 
attenuated  Venezuelan  equine  encephalitis  vaccine.  Appl.  Microbiol.  23:654-655. 


355 


Project  No.  1W66271U096: 
Task  No.  1W662711A096  03: 
Work  Unit  No.  096  03  405; 

Reporting  Intitallation : 

Division: 

Period  Covered  by  Report: 
Professional  Authors: 

Reports  Control  Symbol: 
Security  Classification: 


ANNUAL  PROGRESS  REPORT 


Medical  Defense  Aspects  of  Biological  Agents  (U) 

Laboratory  Identification  of  Biological  Agencs 

Investigate  Etiology  of  1971  Hemorrhagic  Pever 
Outbreak  in  Cochabamba,  Bolivia 

U.  S.  Army  Medical  Research  Institute  of 
Infectious  Diseases 
Fort  Detrick,  Maryland 

Animal  Assessment 

1  July  1971  to  30  June  1972 

Ralph  W.  Kuehne,  B.S. 

Clarence  J.  Peters,  Lt  Commander,  USPHS  (NIAID) 
Richard  0,  Spertzol,  Lt  Colonel,  VC 

RCS-MEDDH-288(R1) 

UNCLASSIFIED 


Preceding  page  blank 


KiSEARCH  AND  TECHNOLOGY  WORK  UNIT  SUMMARY 


II.  A«aNCV  ACCIItKHf*)l  ft*r|  Of  lUMIMV* 

DA  0L0914  72  06  30 


MPOitT  COttntOL  irMOOl, 


t  OAvr  OHIW  I  RiNDOf  ftUMIlAftV  |.  lUHMANV  ICTI^ 

71  07  01  H.  TERMINATDN  U 

to  MO  /eOSlIi*  MMOOMAM  ILIMINT 


■  acoaamno* 

NA 


■  A  MIO*N  tWlfO'M 

r  Nt 


IM  tAfeClfie  OATA*  I.  l.kVlL  0$  |UM 
eOMYNACTOMACeill 

EXym  Dmo  ^  •••« 


ig  Me  'CBBIti*  liWOOBOM  IHMIMT _ gnQJtC T  WUMJtW _ Tgm  «mA  WUMMg _ WOWK  UWIT  NUWtm 

62  711A _ 1W662711A096 _ 03 _ <:>05 

62  711A _ 1B662  711AQ96 _ 

♦y/lfcAWV  ICDOT.  1212b(9i  I 

ITrittl  wlM  stMttt  ctiiiiTfuiiw  Ci*jg 

(U)  Investigate  etiology  of  1971  hemorrhagic  fever  outbreak  In  Cochabamba,  Bolivia 

lir»clA»*tjmC  ARtt  TRCHNOkOaiCAL  AAIAI* 

003500  Clinical  medicine;  010100  Microbiology 


Ti.  »f«rD*T£ 

71  06 

1».  CONTRACT/URART 
A  OArcl/KAftCYIVt: 

^HUM»A>  NA 

6  TTAt 

A  KINO  Of  AAAROi 

«^f5iAOATf3ri*oS^oSJ^3^^T3ir 
»**«=•  USA  MedlcAl  H 


14.  IITIMArCb  COMPlITIM  OATC 

CONT 


A  AMOUNT) 
f.  CUM.  AMT. 


It  fUMOINO  AORNCV 

DA  I 


II  PINVONWANCI  MIT. 

C,  In-houae 


I  It.  MftOUACtl  ItriMATt  i  A  AAOf kttlORAL  MAN  VAt  1  lA 


wueiBmi" . 

71 

0 

0 

72 

' 

1.0 

20 

1 

USA  Medical  Research  Institute  of 
Infectious  Diseases 
**“"•“'*  Fort  Detrlck,  MD  21701 


■IlgONIigLI  WOIVIOUAL 

Croaler,  D. 

tiut»HONti  301  663-2833 

II.  MHIKIL  Jll 


"*"•*  Animal  Assessment  Division 
USAMRllD 

Fort  Detrlck,  MD  21701 

ggiHClIAL  INVlIrigATOR  tfwmlth  UiUt  II  U  I.  ACII.IIU  tn.i..ll.M> 

Kuehne,  R,  W. 
ttLiiMgsi.  301  663-7244 

tOCIAU  Mcunnv  ACCOUNY  NWMtlRi 
AttOeiATI  INVUTiOATORt 

HAMli  Petdtfi,  C»  Ji 

NAMtt  Spertzels  R.  0* 


Foreign  Intelligence  considered 

NAMti  spetczei)  R*  0* 

lirTT?WBl^K5eAJrfJ?Jr5W*BeNH»F  ClA««tJ!W?R!^A«^l 

(U)  Hemorrhagic  fever;  (U)  Etiology;  (U)  Virus  disease;  (U)  Tacarlbe  complex 

11  TrCMNICA^  ^(uTctiVR.*  14  AANAOACMi  14  NA04AIU  f fwml«A  liuNvtiAMl  NfMMflAA  Ar  "««NAM  RfeTtM  <•!(  •!  bmA  »!•>  |»lwMk  CUMiwretlOT  C«k».; 

23  (U)  Isolate  and  characterize  the  agent  responsible  for  6  cases  of  hemorrhagic 
fever  which  resulted  in  5  deaths  In  Bolivia.  This  Is  a  cooperative  study  with 
USA  Middle  America  Research  Unit  and  the  National  Institute  of  Allergy  and 
Infectious  Disease, 

24  (U)  A  known,  avlrulent  form  of  the  Tacarlbe  virus  complex  will  be  examined  In 
a  manner  identical  with  that  planned  for  the  virulent  virus.  This  will  Include 
animal  and  tissue  culture  Inoculation.  Once  an  Isolate  is  establislied  it  will  be 
identified  and  characterized  in  terms  of  host  range  and  pathogenicity.  The  Isolate 
will  be  compared  to  Hachupo  virus  wlilcb  causes  an  endemic  disease  in  the  area, 

25  (U)  71  07  -  72  06  -  The  causative  agent  of  the  1971  Cochabamba,  Bolivia, 
outbroak  of  hemorrhagic  fever  has  been  Isolated  and  ha.s  been  shown  to  be  a  member 
of  the  Tacarlbe  complex  of  the  Arenovlrus  group.  It  appears  to  be  a  variant  of 
Machupo  virus,  closely  related  serologically,  but  differing  in  its  epidemiology, 
clinical  dl.sease  In  man,  and  hi  .stops  tho  logy  and  virulence  for  laboratory  animals. 
Further  studies  are  In  progress  to  determine  If  other  differences  exist. 


Terminated  since  FY  1973  funding  will  be  under  The  Surgeon  t^eneral,  Army. 
Now  I’roject  No.  .1A062  1 1  OA83d ;  .Accos.slon  No.  DA  006420. 
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BODY  OK  REPORT 


Project  No.  1W662711A096:  Medical  Defenau  Aspecta  of  Biological  Agenta  (U) 

Task  No.  1W661711A096  03:  Laboratory  Identification  of  Biological  Agents 

Work  Unit  No.  096  03  405;  Inveatigate  Etiology  of  1971  llemarrhagic  fever 

Outbreak  in  Cocliabamba,  Bolivia 


Oebcripcioii : 


Ibolate  and  characteriao  the  agent  responsible  for  6  cases  of  hemor-rhaj'.ie 
fever  in  Cochabamba,  Bolivia. 


Progress : 


Details  of  the  history  and  background  of  this  outbreak  of  hemorrhagic 
fever  were  reported  previously.^ 

As  a  preliminary  to  the  isolation  of  the  Coehabamba  agent,  a  4-week  peri¬ 
od  was  spent  utilizing  a  prototype  strain  of  Tacaribc  virus  (nonpathogenic 
for  man)  to  test  the  procedures,  teamwork,  and  equipment  needed  to  work  with 
the  virulent  virus.  Tacaribc  virus  was  inoculated  by  the  intraperltoneal 
(IP)  route  into  adult  mice,  adult  hamsters  and  adult  guinea  pigs,  and  by  the 
Ip  and  intracerebral  (IC)  routes  into  suckling  mice  (SM)  and  suckling  ham¬ 
sters  (SH).  Characteristic  deaths  occurred  in  SM  and  SH,  Brain  suspension 
from  SM  was  successfully  passed  to  SH  and  VERO  cull  cultures.  The  original 
suspension  was  also  inoculated  into  various  cell  cultures:  VERO,  WI-38,  hu¬ 
man  embryo  kidney,  prinury  green  monkey  kidney,  BIlK-21,  primary  duck  embryo, 
and  primary  chick  embryo,  Cytopathic  effect  was  seen  in  the  VERO  system  on¬ 
ly.  Leighton  covers  lips  were  prepared  from  all  lines  except  primary  monkey 
kidney  and  were  stained  by  fluorescent  antibody  tecliniques .  Tlie  complement- 
fixation  (CF)  test  was  shown  to  be  functional  using  sera  and  antigens  pre¬ 
pared  at  Middle  America  Research  Unit  (MARU). 

Isolation  of  the  Cochabamba  agi^nt  was  attempted  from  3  tissue  spec imein,: ; 
liver  from  Case  No.  4;  an  unlabeled  blood  sample  from  either  Case  No,  .3  or  4; 
and  blood,  spleen  and  throat  swab  from  Case  No.  b,  the  pathologist.  Tliese 
specimens  were  inoculated  into  a  wide  variety  of  animal  hosts  and  tissue  cell 
cultures.  Machupo  antisera  won-  used  in  CF  and  indirect  fluorescent  (IFAT) 
antibody  tests  to  attempt  to  demonstrate  Tacaribe  group  antigen.  SH  Ijrain 
material,  obtained  at  MARU  from  Case  No.  3  liver,  and  the  on  Labe  led  l)loed 
sample  were  passaged  in  Sll.  In  botli  cases,  the  S1114r|  passage  from  MVRL'  was 
positive  by  CF  test,  as  was  the  SllBr-,  passage  madi.  at  USAMPFilD.  (Tlie 
pools  were  both  bacterial ly  contaminated,  but  this  was  not  evident  in  the  lir2 
pools.)  llu!  blood  from  Case  No.  6  was  positive  in  Sll  and  SM,  but  no  virtu; 
could  be  detected  in  the  throat  swab  (some  animals  did  show  signs  of  illness, 
but  CF  antigen  was  not  detectable). 
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Sucausu  of  previous  experience  with  Macliupo  virus,  the  spleen  of  Case  No. 
6  was  chosen  for  major  emphasis.  The  results  arc  shown  in  Table  I. 

r.Vi'LE  I.  INOCULATiON  Or  SplZEN  CASE  NO.  6 


HOST 

DILUTION 

IKOCUUTED 

Ri-SULTS 

w>  V> 'ai-  4\  k  *  4  hQ  C  W  k 

xC-i 

Death;  CF  brain  antigen  <  2. 

10“’’ 

Death;  CF  brain  antigen  1:8;  serum 
CF  on  survivors  1:32. 

u  u  V  ."i  *  i.-  r.'o  u  3  c 

10-i 

Death;  CF  brain  antigen  2. 

10-S 

Death;  siruni  CF  survivors  1;2. 

Adult  hamster 

icri 

No  illness;  serum  CF  1:64. 

Adult  mouse 

10-1 

No  illness;  serum  CF  1:4, 

Adult  guinea  pig 

10-1 

No  illness;  serum  CF  1:32. 

VERO  tube 

10-1 

No  CPE,  virus  present  on  passage. 

10-a 

No  CPE. 

WI-38  tube 

10-1 

CPE;  virus  present  on  passage. 

10“^ 

CPE . 

Primary  monkey  kidney  cube 

10-1 

No  CPE. 

icr* 

No  CPE. 

Human  embryo  kidney  cube 

10-1 

No  CPE. 

10-2 

No  CPE. 

MA-111  tube 

10-1 

CPE . 

10-s 

CPE . 

BHj<-21  tube 

uri 

No  CPE. 

lO-a 

No  viPK. 

VERO  Leighton  tube 

10-1 

Viral  antigen  on  covers  lip. 

Human  embryo  kidney  Leighton 

10-1 

No  viral  antigen  d''toet''d. 

tube 

10-2 

No  viral  antigv-n  detecti.  J. 

There 
are  Low. 


are  4  notable  features:  (1)  CF  antigen  tiLoi-;:  in  SM  and  Sll  brains 
(2)  Sll  and  CM  provide  good  animal  hosts  lor  Isolation.  (3)  i<i 
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ttu'  coll  linus,  only  MA-111  (rabbit  ombryo  kidni'y)  aiul  Wl-38  (Iniman  ombryc'nic 
lung)  showed  cytopatliogenic  effects.  (4)  VKRO  l.>-igiiton  tubes  proved  to  be 
adequate  to  deti’ct  vti'us,  and  harvest  on  day  b  showed  abundant  viral  antigen, 
in  anticipation  of  finding  virus  in  tlu'  spleen  of  I'ase  No.  b,  extra  were 

inoculated  at  ICT^  .  Brains  were  harvested  and  used  to  jirepare  a  largi.  ein.s 
pool  and  an  immunizing  antigen.  The  pool  was  titrated  in  SM,  and  tissue 
cell  cultures.  The  titer  was  very  low,  about  10"  Infective  doses/ml.  lO.e 
antigen  had  a  CK  titer  of  n  l;2  and  failed  to  immunize  adult  hamsters.  Ani¬ 
mals  inoculated  with  10^*  and  harvested  had  a  Isi.t'.lu-r  plaque  titer,  about  1 

.^nJ  a  d.'  tiecr  o..  1;8.  fiiv  reason  for  tlie  low  titers  in  general  ar.d 
.;.'.e  iuWe'r  ticer  of  ^CT'^  vs.  ..s  not  cii'ar. 

'Jr.'  .u*"*  S.ior  ■  sple,.'n  -.ruateriai  was  usi.'d  to  pri'par"  anotluT  lot  of  inii'cLi.:d 

ruaCeriai .  doo  i.s  and  antigens  Were  prepared  from  brain,  liver  and  kidney, 
i'ae  brair,  poo.,  nac!  a  titer  of  lO®  PKb'/ml  and  the  brain  antigen  l;.id  a  Cl'  titer 
of  1:4,  Out  botii  liv.'r  and  kidiu'v  were  v  1:2.  'I'lu’  ])oo  1  was  usi'd  in  a  .series 
of  tests;  thv.‘  antigen  was  used  to  immunize  adult  hanm.tvr.s  and  at.alt  guin.a 
pigs.  'The  pool  has  been  passed  in  SH  brain  2  more  times;  harvests  were  made 
at  varying  times,  in  order  to  prepare  a  larger,  higher  titered  pool  and  a 
better  CF  and  immunizing  antigen.  We  now  have  a  large  virus  pool  titering 
about  b  X  10®  piU/ml  and  5  x  10®  median  lethal  doses  (LD^^J/ml  when  inoculatal 
into  SH  by  a  combination  of  the  IP  and  IC  routis,  A  large’  supply  of  antiser¬ 
um  has  been  prepared  in  adult  hamsters. 

Machupo  virus  seed  from  MARU  was  inoculated  into  the  same  host  systems 
using  another  isolated  Class  III  system  for  direct  comparison,  keeping  the  2 
viruses  separated.  It  was  passed  IC  in  Sll  to  prepare  a  pool  and  an  antigen, 
Wc  have  produced  a  largo  pool  titering  10^"  PFU/ml  and  10-'  LD  7ml  fer  SH.  An¬ 
tiserum  to  Machupo  has  eon  prepared  in  adult  hamsters  and  adult  guinea  pigs, 

Alchough  CF  and  IFAT  antibody-staining  indiiated  that  our  isolate  was  a 
member  of  tile  Tacarib.'  complex,  a  neucralization  test  vv/as  requiri'd  to  .show 
type-specificity.  Both  viruses  gave  somewhat  ragged  titration  results  in  SI!; 
many  sick  animals  were  eaten  by  tlu'  motlier,  making  exact  t'ncl-point  determina¬ 
tions  impossible;  therefore,  plaque-reduction  on  VKRO  cili  monolay.'rs  was  at¬ 
tempt  with  varying  degrees  of  success.  Botli  viruses  produced  similar  type's 
of  plaques  in  VllRO  ce'il  cultures  wlii  eh  developid  at  tli.-  same  rate,  iloweVe'r, 
approximate' ly  80-90'7..  experimental  failure  occurred  due  to  di-gene-ration  of 
overlaid  monolayers  before  c"mpli'to  development  of  virus  placjues  (5  days). 
Changes  of  media,  pU,  serum  concentrat lini ,  volume's  and  physiological  age'  ha\’e' 
not  resulted  in  any  consist'cnt  improve-inent .  ether  i nvi'st igateV'.''  have'  re¬ 
ported  plaquing  on  .'•1(\-111  cell  cultures,"-  but  this,  too,  pro' .  d  unsucce'ss- 
ful .  Nevertheless,  some'  .succe.;sful  te.sts  were'  aceo;Ti|i  1  i  she'd  using  ','FRO  ce'lls. 
Severs]  constant-serum,  varying-virus  plaque -reduet i eui  tests  siu>wed  type" 
specific  re’fiprocai  cro.ss-ne'utra  1  ization  be'tw.'"n  ‘'lacluiiio  and  C.oehabamiia  vi - 
ruse's,  I’Veii  tliou'!)  Iiomologous  tite'rs  in  gem-rai  .ippeared  gre'.ate'r  tluin  heter¬ 
ologous  titer.'-,  ••'e  constant -virus ,  varyinp.-serum  dilution  test  was  eitte'mpted 
using  hur.uin  scrum.  The  cell  she  e-t  In  the  center  of  Liu  cell  memo  lave- r.s 

did  not  Survive',  but  gooe!  plaq  were  se-.-n  arc  und  the'  pe  r  i -piie-ry  .  .\lthou.g!. 
quantitative'  inte'rpretatio  i  was  impossible',  the  re'sulc^■■  We  ve'  nevertheless 
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conMiik'i'cd  Kignit'icant.  Tho  tost  virus  iisod  was  10®  I’l'L'  dL’  CochabamOu  SllRr>. 
A  l;16  dilution  of  a  Macliupo  antisorum  pool,  and  a  1:64  dilution  of  scrum 
from  a  known  Machupo  infection  survivor,  rosulted  in  absont’c  of  plaque  fcrina- 
tion.  (All  higher  dilutions  showed  plaques.)  Normal  human  serum  and  serum 
from  Case  No.  5,  the  only  stirvivor  of  the  Cochab.imba  outbreak,  sliowed  plaques 
at  the  1:4  dilution.  It  appears  that  the  serum  from  this  person  had  low  neu¬ 
tralizing  antibody,  not  only  to  Machupo  virus,  as  determined  earlier  at  .‘■L\RL', 
but  also  to  the  causative  agent  of  the  Cochabamba  outbreak.  From  these  re¬ 
sults,  it  is  concluded  that  a  very  close  serological  relationship  e;’:ists  be¬ 
tween  the  2  viruses.  The  results  of  tiiis  test  were  recently  confirmed  by 
o t e r s  at  .'•lARU . 

liven  though  the  Cochabamba  isolate  is  related  serologically  to  Machupo, 
other  differences  might  exist  which  could  define  a  distinct  biological  vari¬ 
ant.  Several  laboratory  differences  have  been  observed,  notably  virulence 
and  histopathology  in  laboratory  anitmais.  Small  dlfierences  were  noted  in 
Sll.  SH  inoculated  with  Machupo  virus  become  ill  on  days  6-10;  sick  animals 
rarely  recover,  resulting  in  a  clean  titration.  With  Cocliabamba  virus,  ill¬ 
ness  occurs  on  days  8-11;  some  hamsters  recover,  resulting  in  a  more  ragged 
titration.  Machupo  virus  also  seems  to  be  somewhat  more  virulent  for  Sll 
when  tho  same  number  of  PFU  are  inoculated. 

With  SM,  inoculation  with  cither  virus  does  not  always  terminate  in  death 
of  the  animals.  Many  become  ill,  but  recover,  resulting  in  ill-defined  end¬ 
points.  This  observation  was  reported  earlier  by  Johnson,  Si.**  with  Ma¬ 
chupo  virus. 

Greater  differences  in  virulence  have  been  noted  in  adult  and  suckling 
guinea  pigs,  Table  II,  When  adult  guinea  pigs  wore  first  inoculated  for  an¬ 
tiserum  production,  1  of  2  Machupo  animals  died  while  none  of  the  Cociiabamba- 
infected  animals  died.  When  adults  were  inoculated  with  a  similar  number  of 
PtU  of  each  virus,  3  of  4  Machupo  and  0  of  4  Cocliabamba  anir.als  died,  Sinci.' 
investigators  at  MARU  have  been  using  the  loss  of  vlruUnce  for  adult  guinea 
pigs  as  a  marker  for  Machupo  virus  passage  attenuation,  it  could  be  signifi¬ 
cant  that  a  Machupo  variant  nan  exist  which  is  not  lethal  for  adult  guinea 
pigs,  but  is  still  highly  pathogenic  for  man.  When  suckling  guinea  pigs  art 
inoculated  by  the  IP  and  IC  routes  with  each  virus,  significantly  greater 
mortality  occurs  with  Machupo  virus  than  with  Cochabamba, 

Although  a  search  of  the  literature  failed  to  re'veal  any  usi.'  of  suckling 
guinea  pigs  with  Machupo  virus,  they  proved  to  bi'  very  sensitive  aniuals  and 
allowed  the  development  of  an  in-vivo  neutralization  tet.t  wliich  served  as  an 
alternative  to  the  sporadic  plaque  neutralization  test.  A  constant-serum 
varying -virus  test  was  conducted  using  guine'‘a  pig  serun:  and  Machupo  virus, 
Table  III,  The  serum-virus  mixtures  were  inoculated  by  the  1C  route  and  a 
log-neutralization  index  of  3.0  was  attained  witli  botij  .'•lachupo  and  Cochabamba 
antisera. 

SH  were  infected  by  1C  route:  with  the’  strains,  se-riully  sacrificed  at 
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TABIi;  i[.  GUINEA  PIG  MORTALITY  OF  MACHUPO  AND  COCUAUAMBA  VIRUSES 


VIRUS  (ROUTE) 

DOSE 

MORTALITY 

Dead /Total  7, 

ADULTS 

Machupo 

(1?) 

20  SHLD 

1/2 

30 

Cocha 

(I?) 

60  SHLD,, 

0/2 

0 

Machupo 

(IP) 

44, COO  Pin;  ■ 

3/4 

75 

,  CoCili'fc 

(IP) 

96,000  PIL’ 

0/4 

0 

SUCKLINGS 

Machupo 

(IP) 

1000-3000  PFU 

14/18 

78 

1-3  PFU 

6/18 

33 

Cocha 

(IP) 

6000-12000  pro 

4/14 

29 

6-12  pro 

1/15 

7 

Machupo 

<IC) 

1000-3000  pro 

15/15 

100 

1-3  pro 

15/19 

79 

Cocha 

(IC) 

6000-12000  PFU 

3/8 

38 

6-12  PFU 

0/13 

0 

2-day  intervals,  and  examined  for  comparative  histopathology ,  Both  groups 
developed  lesions  which  indicated  the  presence  of  virus  in  the  inoculum. 
Certain  similarities  and  differences  were  observed:  liver,  lymphoid  tissue, 
and  central  nervous  system  were  the  organ  systems  most  affected  by  both  virus 
isalatos.  Hepatic  necrosis  and  fatty  metamorphosis  wore  observed  earlier 
(days  4-7)  with  Cochabamba  than  with  Machupo  (days  7-11).  A  nonsuppurative 
encephalitis  with  vasculitis  was  commonly  seen  in  the  Cochabamba-infected 
animals  (days  9-17).  It  was  also  present  in  2  of  17  Machupo-inf ccted  ham¬ 
sters.  (It  is  interesting  to  note  that  2  adult  guinea  pigs  inoculated  with 
Machupo  virus  developed  a  nonsuppurative  encephalitis  and  vasculitis  similar 
to  the  Cochabamba-infected  SH.)  Lymphoid  depletion  and  necrosis  were  seen 
earlier  (days  7-11)  in  the  Machupo  group  ttian  in  the  Cochabamba  group  (days 
11-13).  Despite  these  differences,  it  is  possible  that  the  2  viruses  are 
different  strains  of  the  same  virus.  The  histopathological  findings  weiv 
somewhat  inconclusive;  further  investigation  is  recommended. 

Other  properties  of  the  Cochabamba  isolate  are  currently  being  explored, 
including  electron  microscope  structure  and  interferon  sensitivity. 
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TAiil.K  III.  SUCKLING  GUlNliA  PIG  NEUTRALIZATION 


VIRUS 

ANTISERUM  DILUTION  DEAD/TOTAL 

(Machupo) 

Norn'^1  10“*  5/5 

i0-»  2/3 

LO-a  3/4 

10-*  3/4 

10-6  0/3 

10-8  0/3 

>Uichupo  IQ-i  2/4 

10-a  1/5 

10-3  0/3 

icr*  0/3 

10-8  0/4 

1 0-6  0/3 

Cochabamba  10“^  2/4 

10-3  1/3 

10-3  0/3 

10-*  0/4 

10-8  0/4 

10-6  0/3 
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Summary ; 


Tlu-  cauaativi'  agent  of  the  1971  Cochabamba,  liolivia,  outbreak  of  hemor¬ 
rhagic  fever  has  been  isolated  and  has  been  shown  to  be  a  member  of  the  Taca- 
ribe  complex  of  the  Arenovirus  group.  It  appears  to  be  a  variant  of  Machupo 
virus,  closely  related  serologically,  but  differing  in  its  epidemiology, 
clinical  disease  in  man,  and  histopathology  and  virulence  for  laboratory  ani¬ 
mals.  Further  studies  are  in  progress  to  determine  if  other  differences  ex- 

1. ^  • 


x,  .  Isolation  and  characterization  of  tiie  Cochabamba  virus. 
I’tv-v.-.tcw  uC  Anna..!  „o^nt  Meeting,  Maryland  -  Washington  Branclu'S  of  the 

:>ociecy  for  Microbiology,  U.  S.  Army  Medical  Research  Institute  o£ 
Infectious  Diseases,  Kort  Detrick,  Md.  6  May  72. 
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toxoids;  evaluate  the  role  of  antibody  in  resistance  to  ingested  toxin,  and  define 
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against  alimentary  intoxication  with  SEB  but  Indicates  a  potential  for  rapid  develop¬ 
ment  of  resistance.  The  number  of  IG  exposures  required  to  Induce  resistance  to 
enterotoxemla  is  unpredictable  but  the  time  Interval  between  exposures  is  not  highly 
critical.  Resistance  develops  before  humoral  antibody  response  can  be  detected  and 
persists  after  antibody  disappears.  Intragastric  administration  of  SEB,  however, 
can  be  an  effective  means  of  priming  humoral  antibody- forming  cells,  as  indicated  by 
induction  of  Arthus-llke  reactions,  development  of  systemic  hypersensitivity  and 
resistance  to  lethal  effects  of  Intravenous  toxin,  and  by  development  of  a  secondary 
antibody  response  in  antibody-negative  monkeys  following  Intravenous  exposure.  It 

is  postulated  that  IG  administration  of  SEB  is  even  more  effective  as  a  stimulant 
to  antibody- forming  cells  in  the  gastrointestinal  tract  for  production  of  protective 
secretory  antibody. 
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Project  Ko.  1W662711A096 :  Medical  Defense  Aspects  of  Blolnglca.l  Agents  (L) 
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Description ; 


Investigate  immunologic  response  of  a  susceptible  host  following 
intragas  trie  exposure  to  microbial  toxin. 


Progress : 


A  study  designed  to  investigate  resistance  of  monkeys  to  intragastric 
(IG)  exposure  to  staphylococcal  enterotoxln  B  (SEB)  was  completed, 
Consideration  was  given  to  various  factors  that  might  modify  development 
of  resistance,  humoral  antibody  exposure  and  cutaneous  sensitivity,  such 
as  naturally-acquired  antibody,  SEB  dosage  and  frequency  of  exposure. 

Antibody-negative  monkeys  challenged  at  2-week  Intervals  with  1-10  IG 
median  illness  doses  (IDsg)  developed  resistance  prior  to  development  of 
antibody.  Following  the  3rd  challenge,  only  3  of  12  monkeys  had  detectable 
humoral  antibody  but  10  resisted  subsequent  challenge.  All  monkeys  were 
resistant  after  the  4th  exposure,  but  only  1  of  6  in  the  low  dose  (1  IDjq) 
group  and  3  of  6  in  the  high  dose  (10  ID5Q)  had  antibody.  Incidence  of 
humoral  response  Increased  after  additional  exposures,  but  2  monkeys  in  the 
low  dose  group  remained  refractory  even  after  7  challenges.  Magnitude, 
as  well  as  incidence,  of  hemagglutinin  (HA)  titers  was  dose-related;  only 
1  monkey  developed  precipitating  antibodies.  Although  antibody  titers 
generally  disappeared  within  3  mon  after  exposure,  resistance  to  IG 
challenge  remained  unimpaired. 

In  groups  of  monkeys  exposed  at  4-mon  intervals,  a  challenge  dose  of 
10  1050  was  more  effective  than  1  or  100  ID5Q  doses  for  inducing 
development  of  resistance  (Table  I).  Resistance  developed  more  readily  in 
groups  with  naturally-acquired  antibody,  but  illness  response  of  indivldu.ji 
monkeys  was  not  correlated  with  prechallenge  antibody  titer  or  with  type 
of  antibody,  e.g.  a  monkey  with  an  HA  titer  of  1:160  and  precipitating 
antibody  became  ill  after  every  challenge,  while  another  with  apparently 
the  same  antibody  titers  responded  only  to  the  1st  exposure.  Similar 
patterns  of  response  were  observed  with  antibody-negative  monkeys.  Overall, 
approximately  30/^  of  the  monkeys  consistently  resisted  challenge  after  1 
exposure,  107,  after  2  and  14%  after  3;  essentially  equal  numbers  of  the 
remaining  monkeys  either  never  developed  resistance  or  responded  sporadically. 
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TABLE  I.  EFFECT  OF  SEQUENTIAL  EXPOSURES  AT  4-KON  INTERVALS  ON 
RESISTANCE  OF  ANTI BODY- NEGATIVE  AND  ANTIBODY- POSITIVE 
MONKEYS  TO  SEB  ADMINISTERED  BY  GAVAGE. 


r*!!  AT  T  ITMr't' 

CHALLENGE 

NUMBER 

EXPERIMENTAL  MONKEYS 

CONTROL 

w  rlAL  L  tZi  ii  u  £< 

DOSE 

Antibody-Negative 

Antlbody-Pusitlve 

MONKEYS 

<'“50> 

R/T 

MTO 

R/T 

MTO 

1 

7/S 

3.8 

8/16 

3.2 

12/23 

3. 1+0.2 

1 

2 

4/6 

3.0 

3 

3/6 

4.0 

4 

2/5 

2.9 

1 

17/18 

3.2 

10/13 

4.7 

16/18 

3. 3+0. 2 

10 

2 

3 

13/16 

8/16^^ 

2.7 

2.6 

5/13^^ 

2/13^^ 

3.6 

4.9 

4 

5/16^^ 

2.7 

4/13-^ 

5.5 

1 

9/9 

2.8 

10/10 

3.7 

8/8 

2. 5+3. 2 

100 

2 

3 

9/9 

5/9^/ 

2.0 

2.6 

6/10^^ 

5/9^^ 

3.1 

3.8 

4 

6/8 

4.2 

4/9^^ 

2.8 

a.  R/T;  Number  ill/Number  tested. 


b.  MTO;  Mean  time  onset  of  illness  (hr);  difference  between  means  not 
statistically  significant. 

c.  Chi  square  analysis,  with  corresponding  dose  control,  ^  <0.05. 


In  general,  with  groups  of  monkeys  that  lacked  naturally-acquired  humoral 
antibody,  Incidence  and  magnitude  of  ILA  response  were  dose  related  and 
corresponded  to  findings  observed  following  challenge  at  2-week  intervals 
(Table  II).  At  each  challenge  dose,  however,  incidence  of  antibody  response 
was  significantly  higher  (P  <0.005)  for  monkeys  that  developed  signs  of 
enterotoxemia.  Maximum  HA  titers  appeared  within  2  weeks  postchallenge; 
thereafter  titers  decreased  rapidly  and  were  almost  invariably  negative 
within  4  mon.  Precipitating  antibodies  appeared  only  in  monkeys  that  had 


naturally-acquired  HA  titers i  maximum  precipitin  responses  occurred 
after  the  first  IG  challenge  and  titers  persisted  at  approximately  the 
same  levels  throughout  the  study. 
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TABLE  II.  HEMAGGLUTININ  RESPONSE  OF  ANTIBODY-NEGATIVE  MONKEYS  TO 
SEQUENTIAL  CHALLENGE  WITH  SEB  ADMINISTERED  BY  GAVAGE. 


INTRAGASTRIC 

CHALLENGE 

NUMBER 

OF 

MONKEYS 

POSTCHALLENGE 

HEMAGGLUTININ 

RESPONSE 

2  Weeks 

6  Weeks 

4  Months 

Dose 

(IDjq) 

Mon 

Number 

Positive 

Number 

Positive 

GMT 

Number 

Positive 

GMT 

0 

8 

2 

20 

2 

28 

1- 

28 

1 

4 

6 

1 

10 

1 

10 

1 

20 

8 

6 

1 

20 

0 

0 

12 

5 

0 

0 

ndS' 

0 

18 

3 

127 

2 

453 

2^/ 

453 

10 

4 

16 

3 

20 

1 

20 

1 

10 

8 

16 

6 

36 

3 

20 

0 

12 

16 

7 

22 

5 

45 

ND 

0 

9 

2 

20 

1 

20 

0 

100 

4 

9 

4 

24 

2 

20 

0 

8 

9 

7 

66 

1 

80 

1 

80 

12 

8 

6 

90 

5 

.4  0 

ND 

a.  GMT:  Reciprocal  geometric  mean  titer  of  responders. 

b.  Monkeys  not  included  in  later  challenges  because  of  secondary 
type  response. 

c.  ND:  Not  done.  Intravenous  challenge  administered  at  6  weeks. 


Monkeys  subjected  to  sequential  IG  exposures  developed  hypersensiti\'ity 
to  parenterally  administered  SEB.  Two  men  after  the  last  IG  challenge, 
typical  Arthus-like  reactions  were  observed  In  7  of  8  monkeys  that  were 
inoculated  iutracutaneously  with  0.001  -  0.1  ug  SEB.  As  in  previous  studies 
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of  cutaneous  sensitivity,  the  nonreactor  had  precipitating  antibody  far  in 
cxi'csii  of  the  intracutaneouB  challenge  dose.  No  evidence  of  reagln-type 
or  delayed  hypci'sensltlvlty  was  observed.  When  administered  300  pg  SF.B/kg 
body  weight  Int ravenous iy  (IV)  6-6  weeks  after  the  last  lU  exposure,  20  of 
31  monkeys  demonstrated  immediate  acute  signs  of  systemic  hypersensitivity, 
l.e.  emesis,  respiratory  distress  and  facial  flush  with  1  min, 
occasionally  semlcorna,  and  3  monkeys  died  within  3~S  hr  (Table  III). 

TABLE  III.  TOXIC  AND  HYPERSENSITIVE  RESPONSES  FOLLOWING  INTRAVENOUS 

.rDMINISTlUTION  OF  ENTEROTOXIN  B  TO  NONIMFIUNE  CONTROL  MONKEYS 
AND  TO  MONKEYS  WITH  A  HISTORY  OF  INTRAGASTRIC  EXPOSURE. 


INTRAVENOUS  CHALLENGE  PRECHALLLNGE 
DOSE  DOSE  ANTIBOdW 

(ug/kg) 


10  Control 

0 

10 

2 

0 

8 

Previous 

0 

11 

6 

0 

5 

IG 

<100^-'^ 

2 

0 

1 

1 

experience 

100 

10 

8 

1 

1 

300  Control 

0 

10 

2 

0 

8 

Previous 

0 

7 

0 

6 

IG 

<10^^ 

10 

2 

7 

2(1) 

experience 

10-90 

12 

4 

7 

1 

100 

4 

4 

0 

0 

Estimate  of  %  challenge  dose  Inactivated  by 

antibody  in 

vivo  based 

on 

in  vitro  combining 

activity  of 

piechallenge 

serum;  0,  no 

detectable 

antibody  activity; 

100,  sufficient  combining 

activity. 

b.  Sera  had  hemagglutinins  but  no  measurable  combining  activity. 

c.  Parentheses  Indicate  nuiiher  in  group  that  died  2-3  days  after  recovery 
from  hypersensitivity  reaction. 


NUMBER 

OF 

MONKEYS 


Resistant 


RESPONSE  GROUP _ 

Typical 
Hyper-  Entero- 
sensltlve  toxemia 
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As  in  previous  studies  with  parenteral  sensitization,  monkeys  with 
humoral  antibody  in  excess,  or  at  equivalence,  for  the  challenge  dose 
resisted  IV  challenge,  while  those  with  levels  less  than  equivalence 
generally  were  hypersensitive.  Unlike  our  previous  findings,  liowever, 

6  of  7  monkeys  that  had  no  detectable  antibodies  developed  immediate 
systemic  reactions.  Sensitized  monkeys  that  had  antibody  and  survived 
the  immediate  reaction  were  significantly  better  protected  than  nonimmune 
monkeys  against  toxic  effects  of  parenteral  SEB;  resistance  apalnst 
lethality  was  high  even  in  monkeys  with  no  prechallenge  precipltlns.  All 
monkeys  that  survived  parenteral  challenge  had  typical  secondary  antibody 
responses,  with  a  40!^  conversion  rate  to  precipitating  antibody  within 
2  weeks, 

until  information  becomes  available  regarding  local  Immune  responses 
to  SEB  in  the  gastrointestinal  tract,  it  Is  impossible  to  evaluate  the 
relative  contribution  of  cellular  and  humoral  factors  in  enteric 
resistance.  It  is  obvious  that  vascular  antibodies  are  not  effective  in 
protection  against  alimentary  challenge,  and  although  indicating  the 
general  immunoresponslve  state  of  an  individual,  they  do  not  reflect 
immuiiocompetence  of  secretory-antibody  cells  in  the  gastrointestinal  tract. 
Alimentary  exposure  to  SEB,  however,  is  capable  of  priming  humoral 
antibody-forming  cells;  this  is  indicated  by  the  dose-related  antibody 
response  following  IG  challenge,  the  secondary  antibody  response  to 
subsequent  parenteral  challenge,  and  the  Arthus-like  reaction  to 
cutaneous  inoculations.  Demonstration  of  the  latter  responses  by  antibody¬ 
negative  monkeys  suggests  extravascular  localization  of  antibody,  as  well 
as  the  presence  of  significant  numbers  of  primed  cells.  It  is  probable 
that  local  antigenic  stimulation  occurs  earlier  and  is  relatively  greater 
for  secretory  immunocytes  in  the  gastrointestinal  tract.  In  consideration 
of  the  relatively  short  latent  period  between  exposure  and  expression  of 
enterotoxemla,  effective  protection  probably  would  require  the  presence  of 
fully  competent,  antibody-producing  cells  at  or  near  sites  of  toxic  action. 

Summary; 

Humoral  antibody  per  se  does  not  participate  in  protection  against 
alimentary  intoxication  w’ith  SEB  but  indicates  a  potential  for  rapid 
development  of  resistance.  The  number  of  IG  exposures  required  to  Induce 
resistance  to  enterotoxemia  is  unpredictable  but  the  time  interval  between 
exposures  is  not  highly  critical.  Resistance  develops  before  humoral 
antibody  response  can  be  detected  and  persists  after  antibody  disappears. 
Intragastric  administration  of  SEB,  however,  can  be  an  effective  means  of 
priming  humoral  antibody-forming  cells,  as  indicated  by  induction  of 
Arthus-like  reactions,  development  of  systemic  hypersensitivity  and 
resistance  to  lethal  effects  of  intravenous  toxin,  and  by  development  oi' 
a  secondary  antibody  response  in  antibody-negative  monkeys  following 
intravenous  exposure.  It  is  postulated  that  TG  administration  of  ShB  is 
even  more  effective  as  a  stimulant  to  antibody-forming  cells  in  the 
gastrointestinal  tract  for  production  of  protective  secretory  antibody. 
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UODY  OF  RllFOKT 


Project  No.  1W662711A096 : 
Task  No.  lW662711A09t'  03: 
Work  Unit  No.  096  03  801: 


Medical  Defense  Aspects  of  Biological  Agents  (U) 

Laboratory  Identification  of  Biological  Agents 

Radioimmunological  Assay  of  Physiologically 
Active  Substances 


Jubcriccicn : 

Develop  radioimiTiunologicai  assay  procedures  for  physiologically  active 
substances. 


Progress ; 

A  sensitive,  accurate  and  easy  method  has  been  developed  to  assay 
staphylococcal  enterotoxins ,  types  A  and  B  (SEA  and  SEBj.  A  report  on 
the  SEB  portion  was  published  in  the  Journal  of  Immunology.  Further  work 
is  in  progress  on  types  C  and  D  (SEC  and  SED) . 

The  assay  of  other  physiologically  active  substances  is  being  inves¬ 
tigated  in  cooperation  with  other  divisions  within  the  Institute.  Assay 
systems  are  under  development  for  ACTH,  bradykinin,  prostaglandins,  and 
thyrotropic  releasing  hormone  (TSH) . 

Production  of  anti-ACTH  and  -bradykinin  was  begun,  in  goats  using  a 
unique  hapten  system  whereby  the  ACTH  or  bradykinin  is  chemically  coupled 
to  cellulose  particles  and  used  as  an  immunogenic  agent.  This  system 
elicited  precipitating  antibody  to  ACTH  after  only  4  weeks  after  immuniza¬ 
tion. 


Assay  of  antibody  using  a  reverse  inhibition  competition  system  with 
2  antibodies  and  1  antigen  in  the  system  lias  been  studied  in  some  detail. 

It  compares  favorably  with  conventional  hemagglutinin  systems  but  has  proved 
difficult  to  standardize. 

Intensive  investigation  into  the  detection  and  assay  of  antibody  is  in 
progress  since  the  inherent  sensitivity  of  these  procedures  could  lead  to 
an  important  diagnostic  tool. 

Summary : 


A  solid  phase  radioimmunological  assay  method  lias  been  developed  for 
the  measure  of  SEA  and  SEB.  Antisera  to  ACTH  has  been  produced;  and  an 
assay  system  is  being  developed.  Immunization  co  bradykinin  is  in  j^rogress. 


376 


Further  work  ie  In  progress  on  SEC,  SED  and  other  physiologically  active 
proteins. 

Radiolmmiinonssay  of  antibody  to  specific  antigens  is  under  extensive 
study  as  this  appears  to  be  an  extraordinarily  sensitive  system. 
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APPENDIX  A 


TECHNOLOGY  SUPPORT  PLANS 
(TSP) 


Preceding  page  blank 


TECHNOLOGY  SUPPORT  PLAN 

TSP-01 

AUTOMATED  BIOCHEMICAL  TECHNIQUES 
Karen  A.  Bostlan,  B.S. 


Objective ; 


Develop  fast  reliable  methods  to  quantitate  concentrations  of  various 
metabolites  in  biological  fluids  including  blood,  urine,  and  tissue  extracts 
from  both  man  and  laboratory  animals  using  the  AutoAnalyzer  (Technlcon) . 


Progress  and  Summary; 

New  automated  tests  used  this  year  have  been: 

1.  Hexose:  Automation  of  a  manual  methodU^-. 


2.  Tyrosine^!  Application  of  a  fluorometric  analysis  for  tyrosine 
to  serum  stored  frozen.  Results  were  compared  with  those  found  with  the 
TSM  amino  acid  analyzer.  Our  tyrosine  values  were  higher  than  those  found 
by  column  analysis.  We  are  probably  detecting  small  peptides  as  well  as  the 
single  amino  acid.  The  two  results  seem  to  parallel  each  other,  so  this 
method  may  be  useful  for  screening  purposes. 


3.  Phenylalanine  Approach  and  results  were  the  same  as  for  tyrosine. 


4,  u-Amino  Nitrogen  (Total  amino  acids) : ^  This  method  showed  results 
much  more  compatible  with  column  analysis  for  total  amino  acids  in  .serum 
than  the  nlnhvdrin  method^  used  previously.  Because  tills  method  is  more 
pH  sensitive,  the  ninhydrln  method  is  .still  the  best  for  measuring  total 
amino  acids  in  urine. 


5.  Glucose  by  o-Toluidine  :  This  method  permitted  making  glucose 

determinations  on  whole  serum  rather  than  the  Somogyl  filtrates  necessary 
for  the  glucose-oxidase  method.^  The  disadvantages  of  th'.s  method  are 
(1)  strong  acid  reagent  is  necessary;  (2)  larger  sample;  and  (3)  stored 
samples  clotted  which  often  plugged  tlie  sample  line.  Results,  however, 
were  the  same  for  both  methods.  The  disadvantages  of  the  o-toluidine 
method  outweigh  the  inconvenience  of  preparing  Somogyl  flltrate.s  for  the 
glucose-oxidase  method. 
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6.  Alkaline  phosphatase:'^  This  method  was  set  up  to  run  serum  samples 
from  volunteer  projects, 

7.  Bilirubin  (Total  &  Direct) This  method  was  set  up  to  run  serum 
samples  from  volunteer  projects.  It  has  also  been  used  for  animal  work. 

8.  Glycerol: This  method  showed  good  results  for  plasma  glycerol. 

The  plasma  glycerol  Is  stabilized  by  addition  of  trlethylamine  when  fresh; 
the  samples  will  keep  at  -200  for  at  least  3  mon. 

9.  Automated  immunoprecipltln  system: Standard  curves  were  obtained 
for  the  proteins  IgA,  IgG,  IgM,  C3,  albumin,  transferrin,  Oj^-antitrypsln ,  and 
haptoglobin.  We  are  waiting  for  antisera  for  aj^-acid  glycoprotein, 
;-lipoprotein,  and  a2“macroglobulln.  We  are  currently  checking  for  stability 
of  these  proteins  in  stored  serum,  reproducibility  of  results,  comparison 

of  results  from  different  sources  of  antiserum,  and  comparison  of  results 
from  this  method  with  standard  Immunoprecipltln  techniques  done  by 
Dr.  McCann's  group  in  Bacteriology  Division. 

An  estimate  of  the  tests  we  have  run  during  the  past  year  are  shown 
in  Table  I. 
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TABLE  1.  TESTS  RUN  DURING  FY  1971 


TEST 


NO.  SAMPLES  INVESTIGATOR 


Cholesterol,^^  Triglycerides,^** 

FFA'‘‘,  Phospholipids'*',  Glucose*^ 

1,000 

R,  H. 

Fiser 

Ir.ulin ,  ‘  '  PAR ,  ‘  ^  Urea ,  ‘  ® 

Creatinine,"''  Chlorldes^^ 

700 

G.  H. 

Bilbrey 

Lowry  Protein*^" 

6,000 

M.  C, 

Powanda 

Serum  hexoseS" 

500 

G.  L. 

Cockerell 

l.actace,"’  Pyruvate 

200 

J.  B. 

Walford 

Kjeldahl  N,^**  Ammonia 

Creatinine  Urea 

a- amino  N*^ 

100 

rat  urine 

R.  W. 

Wannemacher,  J 

N  (Kjeldahl) 2** 

32 

rat  feces 

R.W.Wannemacher,  Ir. 

Lowry  Protein22 

1,000 

R.W.Wannemacher ,  Jr. 

Kjeldahl  N'^**  and  Lowry  Protein^^ 

84 

vaccines 

F.  E. 

Cole,  Jr. 

Na,'^^'Cl,2  2  bun,'^  P,2^  Creatinine, 20 
Uric  acld,'-'0  Aik.  Phosphatase, 

Bilirubin,  ^ *■’  Cholesterol,  ^  2 

Triglycerides,^**  FFA,^®  Biuret  Protein 

103 

31 

sera 

C.  S. 

White 

Creatinine , '-0  Protein^'j^- 

101 

urines 

c.  s. 

Wli  i  t  e 

Alkaline  phosphatase 

Bilirubin,  ’  Lactate, Pyruvate,'-’ 
Glycerol,''  Cholesterol ,' 2  FFA,"' 
Triglycerides , '  **  Phospholipids, '  *’ 
Hexose' 

126 

sera 

Med . 
FY 

Dlv.  Protocol 
72-2 

Glucose,''  FFA*'’ 

189 

plasma 

Ned . 
FY 

Div.  Protocoj 
72-2 
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Also  we  checked  blood  samples  from  20  men  for  normal  range  as  well  as 
stability  during  storage  of  various  metabolites.  We  found  that  samples 
kept  at  -20  C  were  stable  for  at  least  a  month  when  run  for  cholesterol,^^ 
triglycerides,^**  glycerol, SCOT,  CPK,^“  LDH,^**  glucose,'^  lactate, 
and  pyruvate. Samples  for  SGPT^®  were  stable  only  for  24  hours. 

Using  the  Technlcon  Autoanalyzer  basic  modules  including  the  digester, 
fluorometer,  and  fluoronephelometer  we  maintain  systems,  reagents,  and 
standards  for  running  analyses  for  33  metabolites  and  11  specific  proteins 
Also  we  try  to  set  up,  modify,  or  develop  automated  techniques  as 
investigators  require  them.  Our  space  and  equipment  permits  a  maximum  of 
6  analyses  at  one  time. 

Pub  lie.:! cions  ; 
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TECHNOLOGY  SUPPORT  PLAN 

TSP-02 

AUTOMATED  AMINO  ACID  DETERMINATIONS 
Richard  E.  Dinterman,  B.S. 


Objeccive; 

Develop  and  use  fast,  reliable  methods  for  quantitation  of 
amino  acids  using  the  Technicon  TSM  Amino  Acid  Analyzer. 

Progress  and  Summary; 

Using  an  amino  acid  analyzer,  171  serial  blood  samples  from 
the  adenovirus  project  (Medical  Division  Protocol  FY  71-2)  and  168 
samples  from  the  yellow  fever  vaccine  study  (Medical  Division  Protocol 
FY  71-3)  were  analyzed  and  amino  acid  levels  quantitated,  The  data  from 
these  2  projects  have  been  statistically  analyzed  for  significant 
differences  between  control  and  infected  subjects  as  well  as  differences 
between  Individual  pre-  and  postlnfectlon  levels.  Fifty-seven  samples 
from  an  experiment  to  study  the  Incorporation  of  various  amino  acids  into 
free  and  bound  pools  of  liver,  serum,  and  muscle  In  the  rat  during  Infection 
were  quantitated.  The  results  are  now  being  tested  by  the  Computer  Section 
to  show  any  differences  between  normal  and  pneumococcus  infected  rat.s, 

In  addition,  amino  acid  measurement  and  quantitation  of  144  serial  urine 
samples  taken  f?  m  2  sandfly  fever  volunteer  studies  (Medical  Division 
Protocols  FY  70-1  and  70-3)  have  been  completed.  These  data  also  are  being 
evaluated  by  the  Computer  Section. 

A  second  Technicon  TSM  amino  acid  analyzer  was  placed  in  operatH'n. 
Using  modified  columns  which  are  smaller  in  diameter  and  slightly  different 
buffers  this  system  now  provides  for  a  more  accurate  measurement  of  aminu 
acids  then  previously  possible.  Having  also  adapted  tlie  older  TSM  with 
this  modification,  it  is  now  possible  to  obtain  11  complete  physiologic 
amino  acid  chromatograms  of  ^  30  amino  acids  each. 

In  order  to  prevent  the  loss  of  heat-labile  amino  acids  a  largt'r 
coolant  reservoir  has  been  added  to  the  analyzer  systems.  Tills  cooler  is'ttli 
its  self-containing  circulating  sy.stem  provides  for  a  colder  .ind  more 
uniform  temperature  to  the  sample  tray.  However,  with  the  more  c-fficient 
air-circulating  system  in  the  new  builidng  our  present  overlay  cooling 
system  Is  not  adequate.  A  work  order  has  been  placed  for  the  manufacture 
of  an  aluminum  sample  tray  with  a  cooling  coil  embedded  through  its  center. 
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A  Data  Acquisition  System  has  been  purchased.  A  program  is  now  beinf, 
written  by  the  Computer  Section  so  that  a  computer-compatible  puncli  tape  will 
automatically  be  taken  from  the  2  analyzers,  thus,  eliminating  the  tedious 
and  time  consuming  task  of  normal  quantitation  of  chromatograms. 

A  new  fast  method  by  Eastman  Kodak  for  testing  amino  acid  concentrations 
lias  been  evaluated.  Because  of  poor  resolution,  this  kit  will  not  suffice 
as  a  fast  screening  tool. 


APPE^fDlX  B 
VOLUNTEER  STUDIES 


PROTOCOL  TITLE  &  NO. 

(No.  Volunteers) 

PURPOSE 

COMMENTS  &  RESULTS 

Infect ivity  of  Human 
Plasma  Presumed  to 

Contain  Sandfly 

Fever  Virus.  FV  72-1 

(^) 

To  determine  the  infec- 
tivity  uf  a  unit  of 
plasma  presumed  to 
contain  sandfly  fever 
virus,  when  adminis¬ 
tered  intravenously  to 
a  single  volunteer. 

Volunteer  developed 
typical  sandfly 
fever . 

Chemical  Analysis  of 
sloou  and  Urine 

Co..iected  Under  Standard 
Conditions.  FY  72-2 

(21) 

To  obtain  additional 
data  on  diurnal 
periodicity  of  amino 
acids  and  determine 
periodicity  of  various 
lipid  protein  bound 

See  work  uniL 

096  03  010  &  03  012 

Collaborative  study 
with  Walter  Reed 
Army  Institute  of 

carbohydrates  and  trace  Research, 
metals  obtained  from 
venous  blood  of  volunteers 
and  establish  normal 
values  of  growth  hormone, 
insulin,  free  fatty  acids, 
alanine  and  Cr  following 
administration  of  oral 
or  intravenous  glucose. 


Median  Infective  Titer 
of  Sandfly  Fever  Virus 
in  a  Lot  of  Human 

Plasma.  FT’  72-3 

(20) 

To  determine  the 
infectivity  of  a  single 
lot  of  human  plasma 
known  to  contain  sandfly 
fever  virus  (see  FT'  72-1) 
when  adraini.stered  intra¬ 
venously  in  various  doses 
to  liealtliy  volunteers. 

The  median  illness 
dose  (ID^q)  of  l!;is 
plasm.,  was  approx¬ 
imately  0.0005  ml. 

Associated  Adminis¬ 

To  comp.are  s  i  ngl  e  , 

See  work  unit 

tration  to  Volunteers 

simultaneous  and  closely 

096  02  008. 

of  Venezuelan  equine 

spaced  administration 

encephalomyelitis 

of  VF  and  VEE  v.iccines 

vaccine.  Live, 

on  tile  basis  of  neutra¬ 

Attenuated  and  Yellow 

lizing  and  hemaggluti¬ 

Fever  Vaccine,  17D 

nation  inhibition 

Stra’n.  FY  72-4 

antibodies  to  both 

antigens  in  volunteers. 

(32) 


Preceding  page  blank 


APPENDIX  C 


U.S.  AKMY  MEDICAL  RESEARCH  INSTIIDTE  OF  INFECTIOUS  DISEASES 
GUEST  LECTURE  SERIES 


30  Sep  71 


21  Occ  71 


GUEST  LECTURER 


Dr.  Charles  L.  Wlsaeman,  Jr. 
Professor  and  Head 
Department  of  Microbiology 
University  of  Maryland  School 
of  Medicine 
Baltimore,  Maryland 

Colonel  Harry  C,  Holloway,  Jr.,  MC 
Director,  Division  of 
Neuropsychiatry 

Walter  Reed  Army  Institute  of  Res 
Washington,  D.C. 


2  Dec  71  Dr.  John  B.  Robbins 

Clinical  Director  of  National 
Institute  of  Child  Health  and 
Development,  NIH 
Bethesda,  Maryland 

27  Jan  72  Lt  Colonel  Carter  L.  Diggs,  MC 
Deputy  Director  of  Division  of 
Communicable  Disease  and  Immunology 
Walter  Reed  Army  Institute  of  Res 
Washington,  D.C, 

17  Feb  72  Lt  Colonel  Paul  K.  Hildebrandt,  VC 
Director,  Division  of  Pathology 
Walter  Reed  Army  Institute  of  Res 
and 

Major  David  L.  Huxsoll,  VC 
Chief,  Department  of  Diagnostic  Svcs 
Division  of  Veterinary  Medicine 
Walter  Reed  Army  Institute  of  Res 
Washington,  D.C. 

22  Mar  72  Dr  Jay  P.  Sanford 

Professor  of  Internal  Medicine 
University  of  Texas  Southwestern 
Medical  School  at  Dallas 


TI TLE_ 0 F_  PRESENTATION 


Some  Problems  of  Epidemic 
Typhus , 


Drug  Problems  in  Southeast 
Asia . 


Production  of  Hemophilus 
Influenza  Vaccine, 


Current  Trends  in  Malaria 
Research. 


Tropical  Canine  Pancytopenia 


Role  of  Immunity  in 
Experimental  Pyelonephritis. 


as 
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DATE  QUEST  LECl’URER  TITLE  OF  PRESENTATION 

20  Apr  72  Dr.  Bennett  L.  Elisberg  New  World  Tick  Typhus  -  Fact 

Chief,  Department  of  Rickettsial  or  Fantasy. 

Diseases 

Walter  Reed  Army  Institute  of  Res 
Washington,  D.C. 
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APPENDIX  D 

U,S.  ARMY  hffiDICAL  RESEARCH  INSTITUTE  OF  INFECTIOUS  DISEASES 

professional  staff  meetings 


DATE 


LECTURER 


TITLE  OF  PRESENTATION 


10  Sep  71  Major  Jean  B.  DuBuy,  MC 

Physical  Sciences  Division 


Endogenous  Pyrogen. 


Dr.  Robert  S.  Pekarek 
Physical  Sciences  Division 


Endogenous  Mediators  of  Trace 
Metal  Changes  during  the 
Inf larmnatory  Process. 


Major  Frederick  R.  DeRubertis ,MC 
Physical  Sciences  Division 


Effect  of  Saliiionel  la  cvplii- 
murium  Bacteremia  on  Host 
Thyroid  Hormone  Economy. 


Dr.  Robert  W.  Wannemacher,  Jr. 
Actg  Chief,  Physical  Sciences  Div 


Endogenous  Mediators  of  Amino 
Acid  Transport. 


15  Oct  71  Major  Stanley  H.  Rabinowitz,  MC 
Bacteriology  Division 


Host  Defenses  during  Primary 
Venezuelan  Equine  Enceplialomy- 
eliti.s  Virus  Infection  in  Mice. 


Major  Joseph  Kaplan,  MC 
Bacteriology  Division 

Mrs.  Mary  H.  Wilkie 
Bacteriology  Division 


19  Nov  71  Dr.  Francis  E.  Cole,  Jr. 
Virology  Division 


Electron  Spin  Resonance  Studies 
of  Cell  Membrane  Interactions. 

Analysis  of  Responses  to 
Immunization. 

Fractionation  and  Analysis  of 
Killed  Q  Fever  Vaccine. 

Current  Status  of  Arbovirus 
Vaccine  Program. 


Captain  Peter  G.  Canonico,  MSC 
Bacteriology  Division 


Major  David  M.  Robinson,  VC 
Chief,  Virology  Division 

Dr.  Richard  H.  Kenyon 
Virology  Division 


LT  Daniel  R.  Woodman.  .MSC,  USN 
U.S.  Nav.il  Unit,  Fort  Detrick 


Live  Q  Fever  Vaccine. 

Development  of  an  Improved 
Rocky  Mountain  Spotted  I'cver 
Vacc inc . 

The  Application  of  indicators 
of  Delayed  Ilypersen.sit  i  vi  ty  in 
the  Rapid  Idiintif icatlon  ol 
Viruses. 


DATI-: 


LECTURER 


TITLE  OF  PRESENTATION 


21  Jan  72 


LC  Colonel  Toter  J.  Bartelloni,  MC  Clinical  Evaluation  of  Eustorn 
Clilef,  Medical  Division  Equine  Enci'phalit is  Vaccine, 

Inactivated,  Tissue  Culture 
Origin,  NDBR  lOA. 


Major  William  A,  Christmas,  MC  The  Efficacy  of  a  Pentavalent 

Bacteriology  Division  Vaccine  in  Animals. 


Captain  Charles  S.  White, 
Medical  Division 


Major  William  H.  Adler,  III, 
Pathology  Division 


25  Feb  72  Captain  Philip  C.  Kosch,  VC 
Animal  Assessment  Division 


Captain  Thomas  W.  Davis,  VC 
Animal  Assessment  Division 


Mr.  Ralph  W.  Kuehne 
Animal  Assessment  Division 


Captain  Michael  D.  Kastello, 
Animal  Assessment  Division 


Lt  Colonel  Richard  0.  Spert 
Chief,  Animal  Assessment  Di 


[,  MC  Clinical  and  Laboratory 

Studies  in  a  Group  of  Selected 
Subjects  Receiving  Special 
Immunizations . 

MC  Evaluation  of  Lymphocyte  Func¬ 
tion  in  a  Group  of  Selected 
Subjects  Receiving  Special 
Immunizations. 

Dose-response  Relationship  of 
the  Yellow  Fever-infected 
Rhesus  Monkey. 

The  physiological  and  Pathol  op 
ical  Responses  of  Mac ac a 
mulatta  to  Staphylococcal 
Alpha  and  Delta  Toxins. 

Hemorrhagic  Fever  in 
Cochabamba- “Vitus  Isolation 
and  Identification. 

VC  Indications  of  Altered  Immune 
Function  in  Hypercholestoro- 
lomlc  Monkeys, 

’1,  VC  Venezuelan  Equine  Encephalomy- 
Lslon  elitis:  Texas,  1971, 


17  Mar  72  Dr.  Leonard  Spero 
Pathology  Division 


The  Limited  Digestion  of 
Staphylococcal  Enterotoxin  B 
by  Trypsin, 


Major  John  R.  Warren,  MC  Chemical  Alteration  of  SEB. 

Pathology  Division 
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DATE  LECTURER  TITLE  OF  PRESENTATION 

17  Mar  72  Major  William  H,  Adler,  III,  MC  Established  Lymphoblast  Coll 

Pathology  Division  Lines  irom  Selected  Individuals. 

Captain  Thomas  H,  Hudson,  MSC  the  Ultrastructure  of  Soluble 
Pathology  Division  Protein  Uptake  by  Liver  Using 

Peroxidase  as  a  Tracer. 

Cytoplasmic  Inclusions  in 
Urinary  Bladder  Epithelium  of 
Mac ac a  mulatta.  A  Histochemical , 
Light  and  Electron  Microscopic 
Study , 

Lt  Colonel  James  L.  Stookey,  VC  Anatomy  of  a  Case. 

Pathology  Division 

28  Apr  72  Mr,  Daniel  N.  Harrison  The  Use  of  the  Indirect  Hemagglu- 

Microbiology  Division  tination  Inhibition  Test  for  the 

Detection  of  Pastourella  pcs  tie 
Fraction  I. 

Colonel  Dan  C,  Cavanaugh,  MSC  Indirect  Evidence  of  the  Efficacy 

Department  of  Bacterial  Diseases  of  Plague  Vaccine  USP  in  Pravent- 

Walter  Reed  Army  Institute  of  Res  ing  Bubonic  Plague  in  Troops 
Washington,  D.C,  Exposed  to  Infection  under  Field 

Conditions  in  Republic  of  Vietnam. 

Captain  James  E.  Williams,  MSC  Maternal  Antibody  to  Pasteurella 
Department  of  Bacterial  Diseases  pestls  in  New  Born  Rats. 

Walter  Reed  Army  Institute  of  Res 
Washington,  D.C. 

Colonel  John  D.  Marshall,  Jr.,  MSC  Clinical  and  Serological  Rosponsi' 

Chief,  Microbiology  Division  to  Multiple  Plague  Immunizations. 

19  May  72  Captain  Alan  H.  Rowberg,  MC  Use  of  Data  Proco.ssing  Technique  ;; 

.Administrative  Division  for  the  Laboratory  Diagnosis  of 

Infection . 


Captain  Joe  D.  Burek,  VC 
Pathology  Division 


.  ARMY  MEDICAL  RESEARCH  INSTITUTE  OF  INFECTIOUS  DISEASES 
FORMAL  PRESENTATIONS  AND  BRIEFINGS 
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